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ABSTRAKSI

PERANCANGAN DAN PEMBUATAN ALAT PENGUKUR KEKUATAN
BENANG DIGITAL DENGAN TAMPILAN PADA LCD BERBASIS

MIKROKONTROLLER ATS89552

{Hervien Dwi Anindita, NIN - 0117077, Tekmik Elektro/Elckironika S-1)
Dosen Pembunbang [ I Usman Djuanda, MM
Dosen Pembimbing 11 M Ibrahim Ashari, 8T

Kata Kunci | Pengikir Kekuatan Benang, Sivain Clage, Mikrokoniroller 4350832

Dalain skripsi ini dibahas suatu  perencanaan dan pembuatan alat
pengukur kekuatan benang dengan mengpunakan teknolom mikrokontroller dari
keluarga ATMEL ATB9552. Dengan menggunakan teknologzi ini diharapkan
dapar membuar suatu alar vang menghasilkan nilal vang akurat dan vang lehih
btk dart yang sudah ada

Perencanaan blok diagram alat yang direncanakan ini meliputi scnsor
strain gage, Op-Amp, ADC. limit switch, display / LCD, dover motor, mator DC
dan mekamk alat Sensor stram gage berflungst sebagan sensor vava dan rarikan.
motor DO berfungst sebagai penarih henang hingga potus,Op- \mp  berfungst
sebagar penguat. ADC berfungst sebagar peneubab simyval analog menjadi senval
digital. display ¢ LCD berfunges: sebaral penampil data hasil penoukuran. driver

mutor berfungs: sebaga driver motor untuk mengecrakkan motor DO




Cara kerja dari alat ini adalah dalam hal ini menggunakan strain gapge vang
dipakat sebagai sensor, Motor akan mundur apabila tombal start dalam kondisi
aktll Selungga  strain gage akan  menpalami  perubahan  resistansi vang
dihubungkan dengan mengpunakan rangkalan jembatan wheatstone sinval yang
dibasilkan sangat kecil sehinges membutubkan penguatan sebesar 687 76 kalt
Apabila hmt switch 1 dalam kondist aktit maka ADC vang berfungsi untuk
menguhah sinyal analog menjadi sinval digital akan bekerja memihh data vang
terbesar kemwodian nokrokoniroler akan mengelolah data dan ADC kemudian
ditampilkan ke dalam LCD. Apabila motor menyventuh limit switch 2 maka motor

akan maju hingga menventuh himit switch 3 hingga motor akan berhenti ke

kandisi awal,
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BABI

PENDAHULUAN

L1. LATAR BELAKANG

Pertkembangan ilmu pengetahnan dan teknologi pada era globalisasi saat ini
mengalami kemajuan yang sangat pesat salah satunya terlihat pada bidang
clektronika dimana telah banyak melatirkan peralatan elekironik Dewasa ini
turdutan akan kebutuhan manusia semakin kompleks memunculkan inovasi baru
di bidang elekironika yang digunakan untuk mempermudah segala kegiatan
manusia.

Ada berbagai macam alat ukur yang dirancang manusia sampai saat ini baik
vang bekerja seccamm mekanik, semi elektronik sampai yang berbasis pada
mikrokontroler, Seperti alat pengukur kekuatan benang digital yang digunakan
secara luas dan banyak beredar dipasaran dengan memakai berbagai jenis
tranduscr dengan harga yang relatif mahal. Maka pembuatan suatu alat pengokur
kekuatan benang yang berkualitas dengan mengpunakan sistem diprial dengan
harga relatif murah serta menghasilkan pengukuran yang presisi (ketelitian) serta
memiliki akurasi  (ketepatan) dalam mengukur kekustan seatu  benang
mendapatkan nilai yang lebih pasti.

Pengetahuan tertang evalvasi bahan-bahan 1ckstil mempunyai peranan yang
sangat penting dalam duwia indusin maupun perdagangan tekstil. Banyak
keputusan-keputusan yang penting baik dalam proses produksi tekstil maupun
dalam perdagangan harus didasarkan atas pengetahnan evaluasi bahan tekstil vang
bersangkutan diantaranya masalah kekuatan tarik dari bahan tersebut.




1.2. RUMUSAN MASALAH

Untuk membuat alat pengukur kekuatan bemang dengan mengmmakan
sistem digrtal agar diperoleh hasil pengukuran yang presisi dan akurasi sera
mudah dalam pembacasnnya dengan biaya yang cukup murah, maka dapat

diambil rumusan masalah dititik beratkan pada :

|. Bagaimana perancangan dan pembuatan alat
2. Bagaimana penggunaan sistem mikrokoniroler berbasis AT$9852
sebagai pengendali utama.

3. Bagaimana cara kerja alat tersebut.

1.3. BATASAN MASALAH
Agar vyang dibahas tidak meluas maka pertu adanya pembailasan
permasalahan. Adapun batasan masalah sebagai berikut :

. Sistem mikrokontroler yang diaplikasikan dengan menggunakan IC
AT89552 sehagai unit kontrol utama dengan LCD sebagai tampilan.

2, Kekuatan bepang yang akan diukur harus dibawah batas vang
ditentukan dalam hal ini 1,3 Kg/helai.

3. Menggunakan penguat AD 521 sebagai penguat tegangan DC.

4. ADC 0804 sebagal pengubah sinyal analog ke sinyal digital.

5. Alat ini menggunakan motor DC scbagai penank yang dikendalikan
oleh mikrokontroler.

6. Tidak membahas catn daya.

»




L4, TUIUAN MASALAH
Berdasarkan latar belakang diatas, maka Wwjwan dari perencanasn dan

pembuatan alat ini sebagai berikut:

I. Mempelajani aplikasi sistem mikrokontroler dengan menggunakan
ATR9S52,

2. Mengaplikasikan sistem mikrokoatroler AT89S52 pada alat ini dengan
tampilan LCD.

3. Memberikan kemudahan dalam mengukur kekustan benang vang pasti.

LS. METODOLOGI PERENCANAAN
Adapun langkab-langkah yang diamhil vntuk menyelesaikan perancangan
alat pembawa barang otomatis vailu sehagai berikut ;
1. Mempelajari sistem mikrokontroler AT89S52 dan komponen
pendukung serla mencar hteratur.
2. Merancang dan membuat desain alat, melipub perancangan hardware
dan software.
3. Pengujian terhadap peralalan serts amalisa data hasil pemardapan
peralatan.
4. Mengambil kesimpulan atas hasil untuk kerja alat

5. Menyusun laporan,

1.6. SISTEMATIKA PERENCANAAN

Sistematika penphsan dan gambarzn secukupnya yang terdapat dalam setiap
bab sebagai berikut:




BAB I

BAB I1

BAB 1l

BAB IV

BABV

: PENDAHULUAN

Membahas tcntang latar belakang. rumusan masalah, tujuan, batasan

masalah, metodologn perencanaan, sistematika penulisan.

: DASAR TEORI

Membahas teori beserta pustaka yang relevansi dan menunjang
perancangan dan pembuatan rangkaian yang digunakan.
PERENCANAAN DAN PEMBUATAN ALAT

Membahas perencanaan dan pembuatan alat pengulawr kekuatan tarik

benang,

: PENGUJIAN ALAT

Membahas tentang pengujian-pengujian terhadap sistem yang telah

dibuat.

. PENUTUP

Merupakan bagian-bagian penutup vang berisi kesimpulan dan saran

vang bermanfaat bagi pengernbangan lebih lanjut.




BABII

LANDASAN TEORI

Landasan teon sangat membantu untuk dapat memahami suatu sistem.
Disamping itu dapat juga dijadikan acuan didalam merencannkan suatu sistem.
Dengan pertimbangan hal-hal tersebut, maka landasan teori merupakan bagian
yang harus dipahami untuk pembahasan selanjuinya

Pada bab im akan diwaikan mengenal penggunaan tcknologi
mikrokontroler AT89S52 beseria piranti penunjang lainya. Dimana teknologi
AT89552 sendinn merupakan pengembangan teknologi mikroprosesor dan
mikrokontroler sebelumnya, Disim akan diurmkan mengenai segala aspek

komponen perangkat keras yang akan dibuat.

2.1. Strain Gage

Strain gage adalah tranduser pasif yang merubah suatu pergesceran mekanis
memnjadi perubahan tahanan Strain gage merupakan sebpah alat vang dapart
disatukan keberbagai bahan untuk mengukur tegangan yang diberikan kepadanya
Strain gage metalik (logam) tersebut berubah terhadap panjang jika bahan tempat
gage disatukan mengalami tarikan atau tekanan. Perubahan tahanan imi sebanding
dengan regangan yang diberikan dan diukur dengan sebuah rangkaian jembatan

wheatstone.




Foll grid

Backing

Gambar 2-1. Strain gagan

Karakterisik dan sensitiviias sirain pape disebut fakior gage (GF) yang
memenuhi syarat sebagai berikut
AR,

'R
AL/
1

GF =

(2-1)

Dimana :
GF = Faktor gage
R = Tahanan gage nommal
AR = perubahan tahanan gage
I. = Panjang nominal bahan percobaan

AL = Perubahan panjang bahan percobaan

Perubahan tahanan AR pada sebuah konduktor vang panjangnya L, dinyatakan
dengan persamaan sebagai benkut ;

L
R=ps 2-2)

x L

R=A2= (2-3)
ek




Dimana
R =Tahanan
p = Tahanan spesifik dan konduktor
L —Panjang konduktor
A = Luas penampang

d = Diameter konduktor

Tankan (temsion) terhadap konduktor menyebabkan pertambahan panjang
AL dan pengurangan secara bersamaan pada diameler Ad Maka persamaan (2-3)

menjadh
Ry k) 24)
(1!1;4 Yd - Ady
1+4ALS
L{f *I) (2-5)

AT

Persamaan (2-5) disederhanakan dengan menggunakan bilangan poisson
(p) yang didefimsikan sebagai perbandingan regangan dalam arah lateral {erhadap

regangan dalam arah aksial, yang dapat dinyatakan dengan persamaan sebagan

berikut :
ad
BTOAL, &)
7L
Substtusi persamaan (2-6) kepersamaan (2-5) menjadi :
AL/
L L+8% ]
Rs=p p— v (2-7)
(E.f E _ g AL/
4 : [I 2]"‘ Fd




Selanjutnya faktor gage dapat dinyatakan dalam persamaan sebagai berikut :

AR/

- R _
GF=—E- =1+ o
=142 @%)
AL

Bilangan poisson onfuk logam umumnya berkisar antara 0.25 sampai 0,35,
Dalam penggunaan strain gage diinginkan sensitivitas vang besar, fakior gage
yang besar berarti pula perubahan tahapan yang relatif besar, maksadnya

kemudahan dalam melakukan suatu tarikan atay tahanan yang kecil.

2.2. Pepguat Instrumentasi
Penguat instrumentasi adalah suatu penguat loop tertutup dengan
masukkan differensial, impedansi masukannya sangat tinggn sehingga dapat
dianggap tidak menverap arus pada masukkanya dan penguatannva dapat diatur.
Penguat instrumentasi dapat dibuat dengan menggunakan Op-Amp dan
tahanan yang membuat rangkaiannya samgat stabil dan berguna bilamana

ketelitian merupakan hal yang sangat penting.

2.2.1. Penguat Diferensial Tersangga

Penguat diferensial dasar mempunyai kekurangan dalam hal resistansi
masukannya kecil sehingga perbandingan tahanannya harus disesvaikan dengan
cermat akan tetapn resistanst tersebut dapat dililangkan dengan menvangga atau
mengiselasi masukan-masukannva Hal ini menggunakan dua Op-Amp sebagai
diferensial tersangpa. Kelvaran dani Op-Amp A, terhadap ground adalah E,, dan
kelvaran dari Op-Amp A; tethadap ground adalash E, tegangan keluaran
diferensial V; yang ditimbulkan melintasi tahanan R;. Bila E; lebih besar dan E;

menentukan harga V.
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Gambar 2-2. Masukan diferensial tersangea ke penguat keluaran diferensial®

o

2.2.2. Penguat Diferensial Dasar

Rangkaian penguat diferensial dasar terdapat dua masukan E,; dan E» vang
dihubungkan ke terminal Op-Amp. Ry dan R, digunakan sebagai resistor variabel
untuk Ry berfungsi sebagai pengatur besarmya gam sehingga dapat diatur sesuai
dengan keinginan sedangkan R berfungsi untuk menyetel tegangan ofset
sehingga nilm Vy = 0 V., Penguat diferensial dasar ditunjukkan pada pambar

berikul ¢




™

Y+

Gambar 2-3. Penguat diferensial dasar

Dari gambar diatas didapat

G =TatBe (2-10)
R,
Vo pada penguat diferensial dasar adalah
Vo= Gain @2-11)
)

2.3. Analog to Digital Converter
2.3.1. Successive Approximation register (SAR)

Proses konversi besaran analog menjadi besaran digital merupakan proses
penting dalam sistem akuisisi data. Proses kooversi ini dilakukan oleh sebuah

perangkat vang dinamakan Analog (o Digital Converter atau ADC,
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Pemilihan komponen sesuai dengan kebutuhan karena masing-masing
jemis ADC memiliki resolusi, akurasi, stabilisasi kecepatan konversi dan harga
yang berbeda-beda, dalam hal ini menggunakan ADC 0804 buatan National Semi
conductor, dimana ADC memiliki sistem konversi secara pendekatan berturut-

turut ataw successive approximation,

- N
tS—1 20f=Voe (OR Vpgr)
RD —42 19f—CLKR
WR—43 18}—DBO (LSB)
CLKIN—{4 17081
INTR =45 16 }—DB2
V(+)—{6 154—D83
Vin(=)—47 14 =084
AGHND—4B 13—DB5
Vegr/2 =19 12}—D86
DGND—410 11§—DB7 (MSB)

Gambar 2-4. Konfigurasi pin ADC 0804’

ADC 0804 memiliki kelebiban antara lain, mudah untuk interfacing
dengan komputer, seria kecepatan konversi yang cokup tinggi dan memungkinkan
untuk resolusi tinggt (8-bit). Pada ADC im konversi dilakukan dengan cara
membandingkan inpul yang tidak diketshui dengan sebuah tegangan referensi
yang dibangkitkan oleh sebuah DAC. Input dan DAC berasal dan output digital
SAR. Pembandingan dilakukan bit per bit, mulai dan bit vang terbesar sampai bit
yang terkecil. Setelah SAR direset dengan output awal 1000 00007, output DAC

dibandingkan dengan tepanpan input analog lewat komparator. Bilamana inpat




lehih besar dari MSB tersebut, bit ini akan bemnilai “1” dan bit berikutnya dites.
Bila mnput kurang dari MSB, bit tersebut akan bemilai *0°, bit kedua tidak dapat
membuat output DAC lebih besar dari input analog, bit ini akan disat *17. Dan bit
ketiga dites. Bila pemberian 1" pada bit kedua membuat owtpit DAC kali ini
lebih besar dan input analog maka bit ini akan bermilai “0°, proses ini berlangsung

ferus-menerus sampai LSB atan sampai pada pendekatan terakhir.

2.3.2. Pengoperasian ADC 0804
ADC 0804 mermhia satu line input analog dengan tcgan referensi + 5 volt,
Data digital 8 bit maksimal (Dmax) adalah 1111 1111 dalam biner atau FF dalam

hexadesimal atau 255 dalam desimal,

A - MERET SEECT SCEIBTTE
W - bmir dibdtiiler 1Fafi

gl T
T8 sl LB avy Tl

eyt

i ..: .l‘-I'IIllﬂl ‘;‘ :

s ]
5 * .
:p - P = AT W
* e L] a g 3EIT
Ll L .
np g - uu.: - IIIIE‘|II
- o -
'
[]
e s
_L !
[T ]
LTS LAl
LAl EENER]
o |
s
EnTruT LLRCeE !

? ~TTITTTIT

3 Fandiaif s doninL
b — e
L] wwy

» T st tice o7 clanity
SAR - Samins iy AEOeEmoien Feanby

Gambar 2-5. Diagram Blok ADC’
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Besarnya resolusi dapat dihitung dengan mengpunakan mumus -

Vref
2" -1

Resolusi (R)= (2-12)

Dimamna n = jumlah bit

2.4. Mikrokontroler AT89852
2A.1. Fitur mikrokontroler AT89552

Mikrokontroler AT89S52 merupakan salah satu keluarga MCS-51
keluaran Atmel yang mempunyai 40 kaki, 32 kaki dianiaranya digunakan scbagai
port paralel. Satu port paralel terdiri dan 8 kaki dengan demikian 32 kaki
membeniuk 4 buah port pamlel, yang masing-masing dikenal dengan port (0, port
1, port 2, port 3. Jenis mikrokontroler ini pada prinsipnva dapat digunakan untuk
mengolah data per bit ataupun data B bit secara bersamaan

Sebuah mikrokontroler dapat bekerja bila dalam mikrekontroler tersebut
terdapat sebuah program yang berisi instruksi-instruksi yang akan digonakan
untuk memjalankan sistem mikrokontroler tersebut. Pada prinsipnya program pada
mikrokoniroler dijalankan secara bertahap, jadi dalam program it sendini terdapat
beberapa set instruksi dan tiap instruksi itu dijalankan secara bertahap atan

berurutan,
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Gambar 2-6. Diagram Blok mikrokontroler AT89552*

Beberapa spesifikasi yang dimiliki oleh mikrokontroler AT89552 adalah sebagai
berkut :

» Kompatibel dengan semua produk MCS-51

« BK byte 15P flush memory

s 3 level program memon fck

* 756 byte RAM mternal

« Jalur /0 dua arah 32 buzh

« 3 buah fiwer-comter 16-bit
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Semua pin pada mikrokontroler Atmel AT89852 adalah sama dengan

mikrokontroler MCS-51. Pempelasan untuk masing-masing pin dari mikrokontroler

Frogrammahie UART (serial port)
Programmable warchdog timer
Dual dala poinier

Frekuensi kerja 0 sampai 33 MHz

Teganan operasi 4,0 Volt sampai 5,5Volt

(1Z)Pi a0
T2EXI .1 O
P
P13

P14
MOSI P15T]
MIS0) P16 T
{SCE) P17 O
AST O

{RXDH P30 O
(T P31 01
(NTO P32 ] 12
NTH P33 O3
T Pas 14
Ty Pas]15
(WHi P36 18
P
XTaL2 318
XTALI L) 19
GND T 20

[l
- B - L

<]

ia

EEL EH

™1 B0 ADD}
(7 Pt AL
L P02 (ADE;
T P03 (ADS)
I PO (ADH)
] P05 (ADG)
1 P06 (ADE
(1 P07 (ADT)
1 EAVRP

(1 ALEFPROG
1 FSER
P27 (A5}
S P26 A4
(1P25 (A13)
] P24 (A1Zi
] P23 (A1)
P22 (AID)
1 P2 (A
1 PALO (A

SRASNBNENBUEERRBYNEES

Gambar 2-7. Mikrokontroler Atmel AT89552*

adalah sebagai berikut :

VCC digunakan sebagai caiu daya

Gad digunakan sebagai ground

Port 0 (P0) merupakan port paralel 8-bit dua arah dan mexmliki alamat

80H. Posisi low significam bit (1.

SB) terletak pada pin 39 dan most

significant (MSB) terletak pada pin 32.
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Port 1 (P1) merupakan port parale! 8-bit dua arah dan memiliki alamat
90H. Posisi LSB terdelak pada pin 1 dan LSB terletak pada pin 8.
Penyangga keluaran port 1 mampu memberikan menyerap arus empat
masukan TTL (sekitar 1,6 mA). Port ini mempunyai beberapa fungsi

khusus ditunjukkan pada tabel dibawah ini

Tabel 2-1. Fungsi khusus por | pada AT89852

Pin-pin pada port 1 Fungsi pengganti
P10 T2 (masukan luar untuk timer/counter 2)
i T2 EX (umer/counter 2 capture/ refoad
tnger dan control arah)
Pl.2 -
PL3 -

P14 - )
P15 MOSI (Master Data Output, Slave Data
Input untuk kanal SP1)

P16 MISO (Master Data Input, Slave Data

Output untuk kanal SP1)
F1.7 SCK (Master clock output, Slave clock
input untuk kanal SPI}

Port 2 (P2} merupakan port paralel 8-bit dua arah dan memiliki alamat
AOH. Posisi low significant bit {LSB) terletak pada pin 21 dan most
sigmificani (MSB) terletak pada pin 28. Penyangga keluaran port 2
mampu memberikan menyerap arus empat masukan TTL (sekitar 1.6
mA).

Port 3 (P3) merupakan port paralel R-bit dua arah dan memiliki alamat
BOH. Posisi LSB terletak pada pin 10 dan LSB terletak pada pin 17.
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Penyangga keluaran port 3 mampu memberikan menyerap arus empat
masukan TTL (sckitar 1,6 mA). Port ini mempunyai beberapa fungsi

khusus ditunjukkan pada tabel dibawah im :

Tabel 2-2. Fungsi kbusus port 3 pada AT89852

Pin-pin pada port 3 Fungsi pengganti

P3.0 RXD (port input serial)

P3.1 TXD (port output serial)

P3.2 INTO (interrupt eksternal 0)

P33 INTI (imterrupt eksternal 1)

P3.4 TO (input eksternal timer ()

P3.5 T1 (input cksternal timer 1)

P3.6 WR (perintah write pada memon
eksternal )

P37 RD (perintah read pada memorn
eksternal)

RST (reset) pada kondisi high akan aktif selama dua siklos.
ALE/PROG atan Adreess Lafch Enable menghasilkan pulsa-pulsa
untuk mengancing byte rendah (fow Bbyte) alamat selama pengaksesan
memori eksternal.

EA/Vpp atau Kxtermal Access Enoable pada kondisi low maka
mikrokontroler mengalankan instruksi-instruksi vang ada pada memoni
miernal.

XTAL 1 sebagai masukan dari rangkaian osilator.

XTAL 2 scbagai keluaran dan rangkaian osilator.
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XTALZ

i o XTAL 1

Gambar 2-8. Rangkaian osilator’

2.4.2. Organisasi memori

Mikrokontroler AT89552 mengimplementasikan ruang memon  yang
terpisah amtara program dan data. Kapasitas memori internal 8 Kb, tetapi
keduanya dapat diperluas dengan memon eksternal sampai 64 Kb memori
program dan 64 Kb memon data. Memori eksternal ini dapat diaktifkan dengan
sinval PSEN, sedangkan pin EA dinolkan ke ground, maka akan menghasilkan
sinyal Write (WR) dan read (RD).

Namun AT89852 telah memilih ROM internal sebanyak 8 Kb yang
dipakai sebagai memori program serta RAM itmternal sebanvak 256 bvte yvang
digunakan sebagai memoni data. Penunjukkan alamat kedua memori ini dibasilkan

melahu register Daia Pomter (DPTR).




MAENORT PROGRLAM MEMOR] DATA
(HANYA BACA) (BACASTULIS)

ELSTERW AL

OB p
-

EA=n EA-L Lig =
ERCETERM AL RS TR A

o i o
* i F F Y

PEEN FD BW

Gambar 2-9. Struktur memori program dan data®

2.4.3. Special Function register (SFR)

Speciad  Function  Register atan SFR adalah register-register yang
mempunyal fungst khusus, di antaranya ada vang digunakan untuk mengatur input
cutput data dari mikrokontroler, Misalnya register PO, PI, P2, dan P3 digunakan
sebagal register untuk menampung data input/output. Selain itu juga digunakan
untuk mengatur dan memantau kondisst UART, yaitu pada register SCON.

Register yang mengatur kerja timer adalah TCON.

2.4.3.1. Accemulator

Accumulator menempati lokasi EOH merapakan register vang berfungsi
menyimpan data sementara dalam program. Register accumulator im sering
digunakan dalam proses operasi aritmatika, lopika, pengambilan dan penenmasn
data,
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2.4.3.2. Register B
Register B menempati lokasi FOH digunakan untuk operasi perkalian dan
pembagian untuk nstruksi lain dapat diperlakukan sebagar register seratch pad

{Papan coret-coret).

2.4.3.3. Register Port

Register imi terdapat 4 buah yaitu register PO, P1, P2, don P3 masing-
masing menempati lokasi 80H, 90H, AOH, dan BOH digunakan sebapai sarana
mput/output untuk menyimpan data dan atag ke masing-masing port 0, port 1,

port 2, dan port 3.

2.4.3.4. Register Timer

Mikrokontroler ATS9S52 mempunyai tiga buah 16-bit timer ., yaitu timer
0. timer 1, dan timer 2. Timer 0 dibentuk oleh register THO dan TLO di lokasi
8CH dan 8AH. Timer | dibentuk oleh register TII1 dan TLI di lokasi 8DH dan
8BH. Timer 2 dibentuk oleh register TH2 dan TL2 di lokasi CDH dan CCH.
Perilaku dari register THO, THI. TH2, TLO, TLI, dan TL2 diatur oleh register

TMOD dan register TCON,

2.4.3.5. Register Control
Ada beberapa register yang berisi bit-bit kontrol dan status uniuk sistem
iterupsi, pencacah atau pewaktu, dan port serial antara lain ;
e Regmster IP (/nierrupi Priority) digunakan untuk mengatur prioritas dari
masing-masing interupsi. Tingkal prioritas semua sumber imerups dapat
diprogram sendiri-sendini dengan ser atan clear bit pada (Inferupt

Priarity). Jika dua permintaan interupsi dengan tingkat pnioritas vang




berbeda diterima secara bersamaan, permintaan inferupsi dengan prioritas
tertinggl vang akan dilayan. Jika permintaan interupsi dengan prioritas
yang sama drierima bersamaan, akan dilakukan polling unduk menentukan
mana yang akan dilayani. Bit-bit pada IP adalah sebagai berikut:

MSB L5B
= i = -l es e o | P | Px0

Prioriy bit = 1 menandakan prioritas tinggi (Aigh peioriny)
Priority bit = 0 menandaban prioritas rendah (fow proovine)
Gambar 2-10. Register IP pada mikrokontroler ATR9S52"

Tabel 2-3. Register IP pada mikrokontroler AT89S552

Simbol Posisi Fungsi
- 1P.7 Cadangan
- IF.6 Cadangan
- IP.5 Cadangan
PS IP.4 Bit interupsi port serial
PTL 3 Bit interupsi timer 1 overflow
PX1 P2 Bit interupsi eksternal |
rTO IP.1 Bit interupst timer 0 overflow
PX0 PO ] Bit interupsi eksternal 0

Register IE (fmterrupt Enabic) dipunakan untuk mengaktifkan atau
menonaktifkan sarana interupsi. TEQ sampai [E6 mengatur masing-
masing sumber interupsi, sedangkan [E.7 mengatur inferupsi secara
keseluruan. hka IE7 bemnilai 0 maka sistem interupsi akan non aktif atau
keadaan dan IE.0 sampai [E 6 tidak diperhatikan. Masing-masing sumber
mterupsi dapat diaktifkan dan dimatiakan secara individual atau me-nol-
kan bit-bit IE (inferrupt Fnable) dalam SFR. Register IE ini juga

mengandung sebuah bit untuk aktivasi interupsi secara plobal, yang dapat
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digunakan umiuk mengaktifkan dan mematikan interupst  secara
keseluruan.

M5B L5B

EA + - Es | En | EX) | E0 | EXU

Jika 1sanya = 1 artinya biv aloif (emoehie)
Jika isinya = © artinya bit pasif (disabie)
Gambar 2-11. Register IE pada mikrokontroler AT89552°

Tabel 2-4. Register IE pada mikrokontroler AT89552

Simbol Posisi Fungsi
EA IE.7 Untuk  menghidupkan (IE=T)dan
mematikan (IE=0}

- IE6 Cadangan
- IE.5 Cadangan

ES IE4 Bit interupsi port serial
ET1 IE3 Bit interupsi timer | overflow
EXI1 IE2 Bit interupsi ekstemal 1

ETO IE. 1 Bit interupsi Limer 0 overflow
EX0 IE0 Bit interupsi eksternal 0

¢ Register TMOD (Timer Mode) digunakan untuk mengatur mode kerja
timer. Dengan mengatur mode kerja timer untuk diatur menjadi timer 16-
bit, timer] 3-bit, atau timer 8-bit. Selain itu register im juga dapat mengatur
agar proses pencacah timer dapat dikendalikan malalm sinval dani Tvar
mikrokontroler.

= Register TCON (Timer Comrof) dipunakan untuk memulm atau
menghentikan proses pencacah timer, mengatur sinyal interupsi dan INTU

atau INT1.




* Register SCON (Seriaf Conirol) digunakan untuk mangatur perilaku dari
UART yang diantaranys memantau proses penginiman dan penerimaan
data sen.

¢ Register PCON (Power Comtrol) digunakan untuk mengatur pernakaian

daya pada IC.

2.4.3.6. Program Status Word

Register Progrom Status Word (PSW) menempati lokasi DOH imi berisi
mformasi status program yang mana masing-masing bit menunjukkan kondisi
Ceniral Processing Unit (CPU) setelah operasi dijalankan. Terdin atas beberapa

bit sebagai berikut:

EiAIFUIRS'I’HSD]i’J_I-iFl
& & F 3 F 3 F 3 F 3

rsw.r PSWO
Flag carry menerima Paritas genap skumuistor di-
cairy omt dari bil 1 set melahn  peranghad kems
S {menjaga agar kogiaka °1° di
- S akumulator sefalu genap)
Flag uxliomy camy
rr!eue:ima camy our dan L_PSW.1
it ! P Flag vang dapat didefinisikan
PSW.5 pengEuna
Flag status multi-sung PSW 2
PSW 4 _ Flapg yang dapat didefinisikan
Bit 1 pemilih bank peigEn
PSW 3

Bit 0 pemifih bank register
Gambar 2-12. Register PSW dalam mikrokontroler AT89552°
2.4.3.7. Stack Pointer
Register Stack Pointer (SP) menempati lokasi 81H merupakan regisier §-
bit yang terletak pada alamat 81H yang mempunyai fungsi umtuk menyimpan data
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2.43.8. Data Pointer
Register Data Pointer (DPTR) merupakan register 16-bit atau sebagai dua
register 8-bit yang terpisah yaitu data pointer high byte (DPH) dan data pointer

low byte (DPL) yang masing-masing menempati lokasi 83H dan 82H.

2.4.3.9. Serial Data Buffer

Serial Data Buffer (SBUF) terletak pada lokasi 99H yang dibagi menjadi
dua regisier terpisah, yailu penyangga pengirim atau fransmit buffer dan penerima
atau recerve buffer. Pada saat data disalin ke SBUF, maka data sesunggonya
dikiim ke penyangga pengirim dan sekaligus mengawali transmisi data serial
Sedangkan pada saat data disalin dari SBUF, maka scbenmarmya data tersebut

berasal dan penyangga penerima,

2.4.4. Mode Pengalamatan

Data atau operan bisa berada ditempat vang berbeda schingga dikenal
beberapa cara untuk mengakses data tersebut yang dinamakan sebagai mode
pengalamatan (addressing mode).
1. Pengalamatan langsaag (Direct Addressing)

Dalam pengalamatan langsung, operan-operan ditentukan berdasarkan
alamat 8-bit dalam suatu instroksi Hanya RAM data internal dan SFR yang bisa

diakses secara langsung.

1. Pengalamatan tak langsung (Indirect Addressing)
Dalam pengalamatan tak langsung, insiruksi menentukan suatu register
yvang digunakan untuk menyimpan alamat operan. Baik RAM imternal maupun

eksternal dapat diakses secara tak langsung.
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Register alamat untuk alamat-alamat 8-bit bisa menggunakan ssack pointer
atau RO atau R1 dari bank register vang dipilih. Sedangkan untuk alamar 16-hit

hanya bisa menggunakan repister pointer 16-bit atau DPTR_

3. Instruksi-instruksi register

Bank-bank register yang masing-masing RO hingga R7 atau 8 register
dapat diakses melalui mstruksi yang OP-kodenva mengandung 3-bii spesifikasi
register (000 untuk RO, 001 untuk R1 hingga 111 untuk R7). Pengaksesan register
dengan cara demikian bisa menghemat penggunaan kode instroksi, karena tidak
memerukan sehbuah byte untuk alamat. Saat instruksi tersebut dijalankan satu dari

delapan register pada bank yang terpilih yang diakses.

4. Instruksi-instroksi register khusuns

Beberapa instruksi hanya dikhususkan untuk swafu register tedentu
Misalnya suatu instruksi yang hanya bekerja pada akumulator saja, sehingga tidak
memertukan alamat byte vntuk menunjuk ke akumulator fersebut. Dalam hal ini
op-kodenya sendini telah mengandung penunjuk ke register vang benar. Instruksi
vang mengacu akumulator sebagai A akan dikodekan dengan op-kode spesifik

akumulator.

5. Konstata langsang (Immediate Constants)

Nilar dari suatu konstanta dapat segera menyatu dengan op-kede dalam
memori program. Misalnya mstruksi © MOV A#100, vang akan menyimpan
konstanta 100 {desimal) ke dalam akumulator. Bilangan vang sama tersebut bisa

juga dimiliskan dengan format heksa sebagai 64H.
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6. Pengalamatan terindeks (fmdexed Addressing)

Memon program hanva dapat diakses melalui pengalamatan terindeks.
Mode pengalamatan int ditunjukan untuk membaca tabel (look-up tables) yang
tersimpan dalam memori program. Sebuah register dasar 16-hit memmjuk ke awal
atan dasar tabel dan akumulator di-set dengan angka indek tabel yang akan
diakses. Alamat dari entri mabel dalam memori program dibentuk dengan
menjumlahkan data akumulator dengan penumjuk awal tabel.

Type lain dari pengalamatan terindeks digunakan dalam mteruksi-interuksi
“lompal bersyarat”. Dalam hal ini alamat twuan dan interuksi lompai (jump)

dihitung sebagai jumiah penumuk dasar (base pointer) dengan data akumulator.

2.4.5. Set instruksi
Secara keseluruan MCS51 mempunyai 255 macam instruksi, yang
dibentuk  dengan mengkombinasikan dan operan  Instruksi  tersebut
dikelompokkan menjadi berikut
1. Kelompok penyalin data
Instruksi dasar untuk kelompok ini adalah MOV, singkatan dan move
yang artinya memindahkan meskipun demikian lebih tepat dikatakan instruksi ing
mempunya arti menyalin data. Misalnya, mstruksi-instruks: berikut i
MOV A 20H . sahin 151 lokasi memori 20H ke akumulator A
MOV A, @RI ; salin 1si lokasi yang ditumjuk R1 ke A
MOV A PI . salin isi latch port 1 ke A
MOV P3, A ; salin isi A ke latch port 3
Untuk pemaksian pada memon program ., mstruksi i ditulis menjadi
MOVC, hanya ada 2 jenis instruksi yang menggunakanya yaitu :

26




MOVC A, @A+DPTR  ; DPTR sebagai register tak langsung
MOVC A, @ A+PC i PC sebagai register tak langsung
Selain itu masih dikenal pula mstruksi MOVX yang digunakan untuk

mengakses memon data eksternal. Hanya ada 6 macam instruksi yang memakai

MOVX, antara lain
MOVX A/@DPTR . salin data ekstemal pada lokasi DPTR ke A
MOVX A @RO : salin data cksternal pada lokasi R0 ke A
MOVX A @R1 . salin data eksternal pada lokasi R1 ke A

MOVX @DPIR,A  ;salin data eksternal dari A ke lokasi DPTR
MOVX @RO, A - salin data eksternal dari A ke lokasi RO

MOVX @R1LA . salin data eksternal dani A ke lokasi R1

2. Kelompok instruksi aritmatik
Instruksi-instruksi dalam animatik ini selalu melibatkan akumulator,
hanya beberapa yang juga mehbatkan register lainya. Instruksi yang termasuk
dalam kelompok ini, antara lain
A. Instruksi ADD dan ADDC
Ist akumulator A ditambahkan dengan suatu bilangan (1 byie), maka
hasil penjumlabannya akan ditampung kembali dalam akumulator, Dalam
operasi i bit Carry berfungsi sebagai penampung limpahan hasil
penjumizhan. Jika hasil penjumlahan tersebut melimpah maka bit Carry akan
bernilai “1° jika tidak Carry akan selalu bernilai “0”.
B. Instruksi SUBB
Ts1 akumulator dikurangi dengan bilangan (1 byte) besertadengan nilai

bit Cearry, hasil pengurangan akan ditampung kembali dalam akumulator,
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Dalam hal ini bit Carry juga berfungsi sebagai penampung limpahan dan hasil
pengurangan. Jika hasil pengurangan terscbut inclimpah maka bit Carry akan
bernitai “1” jika tidak akan bermila 0.
C. Instruksi DA A
Instruksi DA A (Decimal Adjust) dipakai setelah instruksi ADD.
ADDC atau SUBB, digunakan untuk merubah nilai biner8-bit yang tersimpan
dalam akumulator menjadi 2 digit bilangan dalam format BCD (Binary Code
Decimal).
D. Instruksi MUL AB
Bilangan biner B-bit dalam akumulator A dikalikan dengan bilangan
biner 8-bit dalam regisier B, Hasil perkalian berupa bilangan biner T6-bit, 8-
bit bilangan biner yang bagian atas (figh bwte} disimpan di register B.
Sedangkan B-bit lainya (/ow hyte) disimpan di akumulator A
E. Instruksi DIV AB
Bilangan biner 8-bit dalam akumulator A dibagi demgan bilangan biner
8-bit dalam register B. Hasil perkalian berupa bilangan biner 16-bit, 8-bit
bilangan biner yang bagian atas (high byse) disimpan di register B. Sedangkan
8-bit lainya (fow hyre) disimpan di aknmulator A
F_ Instruksi DEC dan INC
Interuksi DEC digunakan untuk menurunkan satu milai (1 byte). Jika
nilai awal adalah 00H, maka setelah dilaksanakan instruksi ini hasilnya adalah
FFh. Tidak ada flag yang terpenparub. Sedangkan instruksi INC digunakan
untuk menaikkn nila (1 byte). Jika nilai awalnya adalah FFH maka setelah

dilaksanakan instruksi im menjadi 00H.
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G. Instruksi INC DPTR
Instruks1 penaikkan (incremens) yang bekerja pada data 16-bit yaitu
DFTR. Yaitu menaikkan penumjuk data sebesar 1. suatu limpahan dari byte
rendah (fow order) dari DPTR atau DPL akan menaikkan byte tinggi (Azgh

order) yaitu yang tersampan dalam DPH schesar 1.

3. Kelompok instruksi logika

Kelompok instruksi ini dipakai untuk melakukan operasi logika, yaitu
operasi AND (instruksi ANL), operasi OR {Instrukai ORL).operasi exlusive OR
(instruksi XRL), operasi clear (instruksi CLR), instruksi negasi atau komplemen
(instruksi CPL), opcrasi pergeseran kanan atau kiri (instruksi RR, RRC, RL dan

RLC) serta operasi pertukaran data (instruksi SWAP),

2.5. Relay

Relay adalah komponen clektronika yang umumnva digunakan untuk
menghidupkan rangkaian kontrol dan peralatan listnk lamova yang memerfukan
arus relabf Kecil, namun demikian relay dapat mengonirol tegangan dan arus vang
lehih besar demgan menggunakan efek penguatan Efek penguatan ini didapat
dengan dengan memanfaatkan tegangan kecil (5 - 24 Voli) untuk mengoperasikan
koil dari relay, kemudian relay tersebut digunakan untuk mengubah-ubah posist
kontak. Kontak pada relay dapat digunakan untuk mensakiar (switching) tegangan
vang lebih besar. Sebuah relay terdini dari satu kumparan dan inti, yang mana bila
dialiri arus listrik, kumparan tersebut akan menjadi magnet dan menutup atau
membuka komtak — kontak.

Pada dasarnya relay dapat dikatakan sebagai kontak beban elektrik yang
mengoatrol suatu rangkaian ¢lekirik dengan cara membuka dan menmtup kontak




pada rangkaian lain. Apabila kontak relay adalah Normaly Open (NO), maka
akan terbuka bila relay tidak dialiri arus listrik. Scbaliknya, pada titik kontak relay
vang tergolong Normaly Close (NC) akan tertutup bila relay tidak dialiri arus
hstrik. Pada kedua kondisi terscbut kontak-koniak pada relay akan berubah
keadaannya apabila relay dialirai arus listrik.

Ada beberapa jenis susunan kontak relay, dimana semuanya terisolasi
terhadap arus listrik yang ada didalam kumparan. Jenis susunan kontak sebagai
berikut:

1. Normaly open (nornal terbuka)
Yaitu kontak — kontak tertutup pada saat kumparan relay dialin arus listnk.
2. Normaly Close (normal tertutup)

Yaitu kontak — komtak terbuka pada saat kumparan relay dialin arus Bstrik,
Adapun Karakteristik dan sebuah relay adalah sebagai berikut -

& Tegangan operasi, yaitu tegangan koil mimimum vang diperlukan
oleh koil untuk dapat mengakiifkan kontak saklar relay dari posisi
normal ke posisi operasi.

* Tegangan lepas, yaitu tegangan koil mimimum yang diperiukan oleh
koil untuk dapat mengaktitkan komtak saklar dari posisi operasi ke
posisi normal.

e Tegangan maksimwm yaitu, tegangan maksimum vang diperlukan
koil untuk dapat bekerja tanpa merusak koil itu sendiri,

* Tegangan normal, adalah tegangan kerja nominal sehingga koil dapat
bekerja secara normal.

Prinsip kerja dan sebuah relay adalah apabila lilitan tenisolasi dari scbuah

relay diberikan tegangan maka pada relay tersebut akan trmbul nduksi, dengan
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adanya induksi ini maka besi (inti) yang diselubungi oleh lilitan akan berubah
sifatnya menjadi magnect vang bersifat sementara, karena besi (inti) tersebut
bersifat magnet maka akan dapat menarik besi lain yang berfungsi sehagi kontak
sehingga relay menjadi akuf. Jika tegangan pada relay dihilangkan, maka besi

(int1) akan kembali seperti sifit semula sehingga relay akan menjadi tidak aktif

2.6. Motor arus searah

Motor arus searah (DC) adalah motor yang berfungsi untuk mengubah
energi listrik menjadi emergi mekanik yang berupa puwtaran pada rotor.
Berdasarkan karakierisiknya motor DC ini mempunyai daerah pengaturan
putaran vang lebih luas bila dibandingkan dengan motor AC, schingga sampai
sekarang motor DC masih banyak digunakan pada industri-industri seperti pabrik

kertas, tekstil dan pabrik yang membutubkan pengaturan motor.

2.6.1. Prinsip kerja motor arus searah

Prinsip dasar dari motor arus searah adalah kalau sebuah kawat berarus
diletakkan antara kutub magnet ( U-S ), maka pada kawat tersebut akan bekerja
suatu gaya yang akan menggerakkan kawat tersebut Arah gerak dan kawat
tersebul dapat ditentukan dengan © Kaidah Tangan Kin “ yang berbunyi schagai
berikut : © Apabila tangan ki dibiarkan terbuka dan diletakkan diantara kutub
utara dan kotub selatan, schingga gans-garis pava yang keluar dari kutub viara
menembus telapak tangan kin dan arus di dalam kawat mengalir searah dengan
keempat jari, maka kawat tersebul akan mendapat gava yang jaiuhnya sesuai

dengan ibu jan “. Ada tiga pokok dan kerja motor DC, antara lain :
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I. Adanya paris gaya medan magnet (fluks) antara kutub-kutub vang berada
di stator.

2. menempatkan kawat penghantar yang dialiri arus listrik pada jangkar yang
berada dalam medan magnet.

3. Pada kawai penghantar timbul gaya vang menghasilkan torsi.

Gambar 2-13. Kaidah tangan kiri’

Arah dan pans gaya medan magnel ([uks) yang dihasilkan kutub, arah
dari arus yang mengalir dan arah gaya adalah saling tegak lurus satu sama lain
dengan kaidah tangan kiri. Jika panjang kumparan L dialiri arus listrik sebesar [
dan terletak diantara kuteb magnet wlara dan selatan dengan kerapatan fluks
schesar B, maka kumparan rotor tersebut mendapat gaya sebesar ;

F=B.1.L {2-13)

F —Gaya lorent
B = Kerapatan fluks magnet
I = Arus listrik

L. —Panjang sisi kumparan rotor
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2.6.2. Kontruksi motor DC

Motor DC mempunyai dua bagian utama vaitu stator dan rotor. Stator
adalah baman dan motor yang diam atau statis dan bagian ini terdiri dari badan
(body) moter yang memiliki lempeng-lempeng magnet yang melekat pada
badannya, untuk motor kecil lempeng-lempeng itu dari magnet permanen dan
untuk motor besar, lempeng-lempeng itu berupa elektromagnetik dan terbuat dari
bahan magnetik derajat tinggi. Kumparan vang dililitkan pada lempeng-lempeng

magmet ini disebut kumparan medan.

Gambar 2-1¢. Kontruksi dasar motor DC'

Sedangkan motor adalah bagian dari motor vang bergerak atau dinamik
dan bagian ini terdiri dani jangkar yang intinya terbuat dari lempeng-lempeng
yvang ditarik, susunan lempeng-lempeng tersebut memberikan celah-celah
konduktor dan kumparan jangkar dimasukkan pada celah-celah tersebul. Ujung
dari tiap kumparan dihubungkan pada satu segment komutaior dan setiap segmen

merupakan perfemuan antara dua ujung kumparan yang terhubung ke segmen.

1.6.3. Jenis-jenis motor arns searab
Motor arus scarah dibedakan atas :

1. Berdasarkan atas sumber arus penguat magnetnya motor DC, yaitu
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s  Motor DC dengan penguatan terpisah, bila sumber arus penguatan
magnetnya diperoleh dan luar motor DC.

¢ Motor DC dengan penguatan sendiri, bila samber arus penguatan
magnetnya diperoleh dan dalam molor DC itu sendiri.

2, Berdasarkan hubungan hilitan penguat magnet terhadap lilitan jangkar,
motor DC dibagi menjadi :

* Motor DC shunt.

= Motor DC seri.

= Motor DC kompen, motor ini dibedakan menjadi dua, yaita -
a. Motor kompon pendek.

b. Motor kompon panjang.
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2.7. Register geser $-bit 74L.S164

Register adalah memon sementara yang digunakan untuk mengelolah data
register geser (shifl regisfer) meropakan memori Sementara yang  dapat
dipindahkan dengan jalan menggeser dan bit rendah ke bit tinggi atan sehaliknya.
Dalam perancangan ini menggunakan register geser dengan masukan seri dan

keluaran paralel 8-bit dengan type 1C 741L.5164.

:
:
:

Gambar 2-15_ Diagram Rlok IC 741.5164"

Prinsip dasar kega dan register geser 7415164 merupakan register kiri 8-
bit adalah bila L-bit data dimasukkan ke inputan bersama dengan naiknya pulsa
clock maka 1-bit akan disimpan dan dikeluarkan oleh flip-flop RS yang pertama
{QA), sedangkan keadaan keluaran vang lain (OB — QH) seperti keadaan semula
dan apabila diinputkan lagi |-bs{ ke dua bersama dengan clock, maka bit yang ada
di Qa akan digeser ke OB. Sedangkan 151 QA adalah bit yang barn diinputkan
tersebut, dan iy akan berlaku terus menerus selama masukan diben data bersama
dengan pulsa clock untuk menghapus setiap register yaitu dengan meinberikan

sinyal low pada clear.
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Tabel 2-S. Tabel kebenaran IC 74151647

Inputs Outputs
Clear | Clock | A B | Qa Qg .. Qy
L X X X L L L
H L X X | Qap QOpo - Qno
H T H H H uﬁn e QG"
H T s L L Qan - Qgn

2.8. LCD (Liguid Crystal Display}

Untuk menampilkan hasil pengukuran yang telah diproses oleh
mikrokontroler, maka dibutwhkan svatu perangkat yang dapat dipergonakan
sebagai alat penampil data, schingga pengguna dapat mengetahut data hasil
pengukuran

LCD adalah modul tampilan yang mempunyai konsumsi daya vang relatif
rendah dan terdapat kontroler CMOS didalamnya, Kontroler tersebut sehagai
pembangkit dari ROM/RAM dan display data RAM. Semua fungsi tampilan
dikontrol oleh svatu instruksi dan modul LCD dapat dengan mudah diinterface
dengan umt mikroprosesor maupun mikrokoniroler. Masukan yang diperlukeanm
untuk mengendalikan modul ini berupa bus data dani sinval kontrol.

Dalam hal ini digunakan LCD type MI632 yang memiliki tampilan
sebanyak 16 kolom dan 2 baris buatan seiko instrument dengan karakteristik
sebapai berikut :

» Duty cycle 1/6.
* 16 x 2 karakter dengan 3 x 7 dot matriks.

* RAM generator karakter dengan 8 tipe karakter { untuk program write ).




« Rangkatan oscillator terpadu.

e  Memihki ROM pembangkit karakter 192 jenis karakter.
s  Maksimum display daia RAM 80 x §.

e Dapat diinterface 4-bat dan 8-bit,

¢ (Catu daya tunggal + 5 volt,

+  (Olomatss reset saat power dinvalakan

* Mampu bekega pada temperature 0°C sampai 50°C

Leh
DOT MATETY 1T
216 CHARACTER TYPE MI&32
wh |
a m [
v !
?-‘T-L-‘g ﬁém = IR T T o EE
L HHTE T L

Gambar 2-16. LCD MI1632

LCD imi mempunyai 16 pin yang dihubungkan dengan perangkat keras
prosessor penunjang. Adapun fungsi dari masing-masing pin. ditumjukkan dalam

tabel berikut imi -
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Tabel 2-6. Fungsi pin LCD M1632

Mama

Pin

10

Fungsi

Vs

(==

Power supply

Ground terminal.

VCC

Pawer supply

Tegangan + 5 Volt

Power supply

Tegangan supply yung digunakan
untuk mengatur fokus dani layar LCD

RS

Input

Register selection signal

0 = Instruction register {write)
Busy flag and address counter (read)

| = Data register {write and read)

Signal  control wntuk  operasi
read/write

) = write

| = read

Operational start sipnal vaiu signal
vang akan melatch data bus

DBO - DB7

O

8bit data bus yang digunakan
menampilkan data dari MPU. DB7
Juga sebagai digunakan sebagai husy
Sag.
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BAB 11

PERENCANAAN DAN PEMBUATAN ALAT

J.1. Pendahuluan

Untuk merancang dan membuat alat ukur ini perlu dipahami terlebih
dahuluy diagram blok sistem, perhimgan-perhitumgan dan merancang software
dan fardware. Secara pans besar, perancangan terdin dari dua bagian vaitu
perancangan Hardware dan perancangan Sofiware.

Untuk menggambarkan keselurvan unit dan hubungan tiap unit yang
menyusun alat pengukur kekuatan benang dengan tampilan LCD berbasis

mikrokontroler AT89552, maka dapat dilihat pada blok diagram sebagai berikun:

Limit Lirmit Limit
Switch | Switch 2 Switch 3
Strain Penguat ADC Mikrokontroler Tampilan

Gage | AD 521 0304 AT895852 LCD

h
Driver S—

Motor

Gambar 3-1. Diagram Blok Rangkatan

Prmsip kerja -
Dalam hal im menggunakan strain gage vang dipakas sebagai sensor,
Motor akan nmundur apabila tombol start dalam kendisi aktif. Sehingga sirain gage

akan mengalami perubaban resistansi yang dihubungkan dengan menggunakan
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rangkaian jembatan wheatstone sinyal yang dihasilkan sanpat kecil sehingga
membutuhkan penguatan scbesar 687,76 kali. Apabila limit switch | dalam
kondisi aktif maka ADC yang berfungsi untuk mengubah sinyal analog menjadi
sinyal digital akan bekerja memilih data yang terbesar kemudian mikrokontroler
akan mengelolah data dari ADC kemudian drtampilkan ke dalam LCD. Apabila
motor menyentuh limit switch 2 maka motor akan maju hingga menventuh limit

switch 3 hingga motor akan berhenti ke kondisi awal.

3.2. Perancangan Hardware
3.2.1. Strain gage
Dalam perancangan dam pembuatan alat pengukur kekuatan benang ini, strain

gage disatukan dengan lempengan baja dengan ukuran :

Tehal =1 mm
Lebar =25cm
Pamjang = 15cm

Modulus elastisitas baja - 20.10"" N/m®

Dari data sirain page yang dipakai, diketahui :

R =1200
E =5V
GF =21
AR =070

Untuk mengatisipasi adanya beban lebih (over load) dan bengkok

perinanen maka kemampuan maksimal peralatan. Dari faktor peagukur diperoleh :

G:F = L o




21 =
7L
5.8 10°
21 ==
" AL/
L
; 58 107
AL =
/I’-' 2.1

ALS =2,78.10” per meter
S(Tegangan) = ﬂﬂ;{ x Modulus Clastisitas
=2.7810"° x 2010

S (Tegangan) = 556.10° N/'m’®

5 - 2
WT

_ Swt?
6D

_ 556.10° %2510 x(1.107)
6x15.107

B
90

= 15,4 Newton
F =1.57Kg
(1Kg —98068 Newton)
Dimana :
W = Lebar lempengan bhaja
[ - Panjang lempengan baja
T = Tebal lempengan baja
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Lempengan

/J'
G
i 7 e
1 1om
o 15cm

Gambar 3-2. Pemasangan Strain Gage Pada Lempengan Baja

Beban seberat 1,57 Kg adalah beban terberat yang dapat diterima oleh
strain gage. Dalam perencanaan alat ini beban maksimum dibatasi sampai 1.3 kg |
agar tidak terjadi pembengkokan permanen pada lempengan sirain gage.

Dalam rangkman sensor gaya imi digunakan 2 buah strain gage Strain
gage 1 adalah strain gage akiil sedangkan strain gage 2 adalah dummy gapge yang
berfungs: sehagai kompensator subu. Kompensator suhu dipasang dengan sumbu
tegak lurus terhadap sumbu tegak lurus terhadap sumbn tegak dari strain gage

aktif’
E Gaya
N 1|
TvY 2
fe
I
Kompensator R+ AR
Suhu Pengukur kerja
(Gambar 3-3. Pemasangan Strain Gage Aktif dan Dummy Gage
Dimama :

Gz = Kompensator suhu

Gy =R+ AR (Pengukur kerja)
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+5V
T
R Ra
120 (2 120 £
R, R, Vo
1 K -
10K
Strain Gage | Strain Gage 2
penpukur kompensasi
kera Srhu
=

Gambar 34. Rangkaian Jembatan Wheatstone

Uniuk mengetahui besamya tegangan output dari rangkaian tersebut, maka
dapat dihitung dengan cara sebagai benkut :

G G .
= 1 _ 2
‘ [{G.+R.} {szz)}'““

| G,R,-G,R, -
(G, +R NG, +R,) |

_ [ 120.120-120.120 i
(120 120120 +120) |

Vg = 0 volt

Pada saat ada beban, RG = R + AR, maka untuk beban maksimum vang

dapat ferukur harga AR = 0,7 () schingga tegangan pada titik V, pada saat beban
maksimal adalah :
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V= [ G,.R,-G,R, ]‘v.m
(G, +R,XG; +R,)

120.7x120~120x120
—[ G ! ].swrt

(120,7 + 120)120+120)

Vo =7.27TmV

Dari hasil perhrtungan diatas, maka diketahui bahwa pada saat tidak ada

beban V)= 0 ¥V, sedangkan pada saat beban maksimal ¥, =727 mV.

3.2.2. Penguat Instrumentasi

Penguat instrumentasi diperfukan untuk memperkuat output dan rangkaian
sensor gaya yang merupakan besaran analog yang sangat kecil schinges sesuai
dengan level tegangan ADC sehingga dapat dikonversikan oleh ADC 0804,

Penpguat instrumentasi vang digunakan dalam percncanaan  ini
menggunakan 1C penguat operasional AD 521 dan TLC 272 yang digunakan
sebagai diferensial tersangga tengangan gain yang letap.

Qutput dan rangkaian sensor gaya berkisar antara 0 - 8,31 mV, sedanghkan
untuk ADC tegangan referensi vang digunakan adalah 0-5 V.
Diketahwu :

V;=E-E,

=5V (Perencanaan)

Vo =727.10° V
Dimana :

R; =100 02

B; = 10K}




Maka besarnya penguatan yang diperoleh

Vi

Gain = —
Vﬂ

_—
727107
= 687,76 Kali

Sehingga dapat diperoleh milai Ry, yang dibutuhkan sebesar :

Gain = BytRy
R,
3
68776 — Ru+10.10
100

68776 =Ry + 10.10°
Ry, = 68776 — 10.10°
R, — 458776 Q

Dipilih Ry, > 58,776 KL2 misalnya Ry,= 100 KQ2

Vi — I-
%L:i&’ LL 'R,x
= - . b
v Fh];_ AD 521 1 -
by RJ
\.r,

Gambar 3-5. Rangkaian Penpuat Instrumentas:
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3.2.3. Rangkaian ADC

Untuk rangkaian pengubah besaran analog menjadi beswan digtal
digunakan IC 0804 yang mempunyal satn inputan analog dengan tegangan
referenst + 5 volt, data digilal 8 bit maksimal adalah 11111111 dalam biner atau

F¥ dalam hexadecimal atan 255 dalam decimal.

YCoO©

A

VmE) g Giom
o TEl
Vs & pm2

DB
it}
A-LND RS
DBy
{mehiTiRT
¥reft2
INTR
LLE-R L3
ED
ULE-IN = WE
ui
ADCTRM o

Gambar 3-6. Rangkaian Interfacing ADC 0304

Pada gambar diatas terlibat bahwa pada pin RD dan CS langsung
diaktifkan dengan menghubungkan kedua pin tersebut ke ground Hal ini guna
memungkinkan ferselenggaranya pembacaan data dari bus data ADC (DBO -
DB7) ke port 1. pin 6 adalah masukan dan keluaran dari sensor yang dikuatkan,
sinyal WR dan INTR masing-masing dihubungkan dengan P1.5 dan P1 4.

Pada pin 4 dan pin 19 dipasang rangkaian RC scbagai pembangkit osilasi
ke rangkaian generator clock internal ADC. Frekuensi clock vang masuk pada
ADC yang dihitung sebagai berikut ;

|
" (LiRC)




dimana :
Ex = Frckucnsi
K =Tahanan =10KQ
C  =XKapasitor =150 pF
Maka -

_ 1
(1.1.10KQ 150 pF)

=606 KHz

Dengan frekuensi clock sebesar 606 KHz, maka wakiu yang diperlukan internal

ADC adalah
Tex = L
Sow
g |
606.10°
= 1,65 ps

Besarnya resolusi dapat dihitung denpan menggunakan rumus

Vief

Resolusi (R) = -

Dimana : n = jumlah hit

Diketahui ;.  Vref = 5 volt

n = § bat
maka besarmya resolusi
R o
255
= 19,6 mv

47




= 0,02 volt

Data outpur dari ADC
Ika diketabus
Vin =0.04 volt
v . - 2008
=3
= 00000010
=2H

(bilangan desimal)
(bilangan biner)

{bilangan hexadesimal)

3.2.4. Rangkaian mikrokeontroler AT89S552

Mikrokontroter berfungsi sebagai pusat pengendali dan sehwmuh sistemn

melalui software yang dimasukkan kedalamnya. Pada perancangan mm digunakan

IC AT89552 dalam beniuk single chip artinya tidak menggunakan tambahan

FPROM ekstemal Alasan menggunakan mkrokontroler ini adalah mendapatkan

suatu rangkaian yang prakiis dimana mikrokontroler im memuliki keunggulan

antara lain ;

Kompatible dengan mikrokentroler MCS-51

8K byte downdoadable flash memory

3 level program memori lock
256 byte RAM mternal

3 buah timer/'counter 16-bit

Programmable UUART (serial port)

FProgrammuable watchdogz timer
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e  Dual daia potnier

e Frekuens: kerga O sampan 33 MHz

* Teganan operasi 4.0 Volt sampai 5.5Volt

Benkut m gambar perancangan rangkaian pengendal utama :

1 ‘ B | J;rr
YETHLL
D =, -
ELall 13 “‘H: _—_!_.—_
FLB !
Pl ATALD —@—l HE
Fr2
P13 Py TED -—g
Pls FEWR Az
P15 Fi¥T Tl chibeitr
Pig P4 i
PE7 7. 31K 11 | = =T
P TS L2 =
FLUTED prem
B P s -
1 Fevee Hesot
B paan 17—
E—— POSADE Fig —
T PaSAD P13
%—- i /Ay Pid
3T_ PEHADY PiI3
2 rozam I
PO ADY P11
T rowane FiO |
AT

Gambar 3-7. Rangkaian Mikrokontroler AT89552

Mikrokontroler AT89552 memiliki 4 buah port. adapun port-port yang digunakan

dalam perancangan ini adalah sebagai berikut :

P1.0 - P13 digunakan sebagai keluaran ke LCD M1632

P1.5 - P1.6 digunakan sebagai jalur pengontrol dari dan ke ADCO804
Reset digunakan sebagal mereset sistem

P2.0 - P2.7 digunakan sebagai jalur komumnikast data dan ADCOS0M
P3.0 — P3.7 dihubungkan ke & saklar dengan konfigurasi akiif fow
XTAL; untuk osilator pada mikrokontroler AT89552

XTAL; untuk osilator pada mikrokentroler AT89552
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¢ EA/VPP dihubungkan ke VCC
o VCC dihubungkan ke VCC +5 volt
*  GND dihubungkan ke Ground

Agar dalam mengakses program yang tersimpan dalam EPROM internal,
maka pin 31 harys diberi logika | dalam hal im ditwbungkan dengan VCC 5 volt.

3.2.4.1. Rangkaian Osilator
Rangkaian osilator digunakan sebagai sumber clock dengan menggunakan
2 buah kapasitor dan sebuah kristal dengan ketentuan sebagai berikut :
- Cidan Cz = 20 pF — 40 pF jika menggunakan knstal
- Cidan C: = 30 pF — 50 pF jika menggunakan menggunakan

resonator keramik.

1

; |
[EraLd |
J_ 30 pF
CRYSTALL

(T

C2

[ XTAL 2 4 H
WpF =

Gambar 3-8 Rangkaian Osilator

Dalam pembuatan alat ini mepgpunakan knstal sebagai sumber clock,
dengan C1 dan C2 sebesar 35 pF. Knstal dihubungkan diantara kaki-kaki XTAL,
dan XTAL, pada mikrokontroler dan kapasitormya dihubungkan ke ground

Kristal yang digunakan sebesar 12 MHz.




3.2.4.2. Rangkaian resei

Pin 9 pada mikrokontroler dihubungkan dengan saklar yang digunakan
untuk mereset system mikrokontroler. Karena pin reset ini akiif berlogika tingg
maka diperlukan resistor yang bernilai 10 KQ yang dihubungkan dengan ground
untuk memastikan reset berlogika rendah saat ini bekedga. Dengan menggunakan

kapasitor bernilai 47 F.

10 K

Gambar 3-9. Rangkasan Reset

3.2.5. Rangkaian penggerak motor DC

Pada pcrancangan ini digunakan satu bush motor DC vang digunakan
untuk menark hingga potus benang yang akan diukur, Rangkalan penggerak
motor DC ini menggunakan satu buah relay dan satu buah transistor. Relay yang
digunakan memiliki kontak dua jalar yarta NO (sormaly opern) dan NC {normaly
Close).

Kontak NC adalah awal ketika relay dalam kondisi OFF. Transistor vang
digunakan 9013 yang berfumgsi sehagai saklar untuk mengaktifkan relay. Pada

perencanaan ini, relay yang digunakan 12 volt tegangan DC.
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Gambar 3-10. Rangkaian Penggerak Motor DC
Besarnva arus [b vang mengalir pada Q, sebesar :
Diketahui : VBE; = 1,2 Volt
Vee = 12 Volt
Vi = 5 Volt
[b(sat) = 50 mA

Rirclay) = 4000

_l2v
400

—30 mA
Arus basis b pada transistor Q; adalah :

_ Vin-VBE,_,,
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3.8

»

10.10°

= (.38 mA
Dan perhitungan diatas didapat bahwa Ib>1b,,, maka arus Ib akan membuat

transistor dalam keadaan saturasi

3.2.6. Rangkaian unit tampilan (LCD)

Dalam sistem imi direncanakan menggunakan sebuah layar penampil yang
berupa Liguit Cristad Display (LCD). Piranti yang digunakan untuk mendukung
pengoperasian sistem agar dapat dioperasikan secara interakiif adalah penampil
Tipe penampil kristal cair vang digunakan adalah ‘'T™M 1632 yang mempunyai 2
baris tampilan dan masing-masing terdiri atas 16 karakter tiap barisnya. Penampil
kristal cair tipe TM 1632 ini dilengkapi pula dengan back light berwama hijau.
Dalam hal ini menggunakan register geser 8-bit 7415164 vang merupakan
memon sementara yang dijalankan dengan menggeser dan bit rendah ke bit tinggr

atau sebaliknya
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DOT MATRIELCT:
TN 16 CHARACTER TYPE R1632

Gambar 3-11. Rangkalan Interfacimg LCD
Alamat rangkatan penampil kristal cair adalah AQ00 h - A00] h. Penyemat
Vee dihubungkan pada potensio 1 K, yang berfungsi sebagai mengatur
kecerahan back light B/W dihubungkan ke catu daya 5 volt sehingga mode
penampil kristal cair hanya mempunyai dua mode pilihan regisier yaitu bila diberi
logika rendah menggunakan register perintah dan bila diberi logika tinggr akan

menggunakan regisier data,
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3.3. Perancangan Software

Diagram Howchant program wlama yang disusun dengan menggunakan

bahasa assembler suatu program yang dapat menerjemahkan babasa assembly ke

pogram bahasa mesin yang mengandung kode-kode biner vang merupakan
nstruksi-instruksi vang mudah dipahami oleh prosesor seperti pada gambar 3-12

dapat dijelaskan sebagm benkut ©

2

Start

Tampilan Awal.

. Banang dipasang pada tempat yang telah disediakan kemudian memunggu

perintah Start,

Memulai proses pertama motor akan berjalan mundur hingga benang
putus.

Mengambil data dan ADC.

Memilih data maksimal yang dihasilkan ADC.

Kemudian Menampilkan pada LCD.

Apabila motor menyentuh limit switch belakang maka motor akan kembali
maju ke tempat scmula hingga menyentub hmit switch depan hingga
berhenti.

Selasai
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START

Imistalisasy

k.

Tampilan Awal

= Tunggu
T Slarl
Y

Motor Mundur

¥

Ambil Data ADC
L i

Pilih Data

ADC Maks
L]

Tampilkan
Ke LCD

Mator Maju

Motor Berhenti

Gambar 3-12. Diagram tlowchart
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BAB 1V

PENGUKURAN DAN PENGUJIAN ALAT

Untuk mendapatkan hasil yang maksimum setelah perencanaan dan
pembuatan alat ini, maka langkeh berikutnya yaitu sualu pengujian. Hal ini
bertujuan untuk mengetahui apakah alat yang telah dibuat tersebut sudah dapat
hekerja sesual dengan vang diharapkan dan sesvai dengan teorinya dan
mempunyai nilai selisih kesalahan yang sangat kecil. Pengujian dilakukan seeara
bertahap, adapun rangkalan atau alat yang diuji adalah sebagai berikut :

+ Rangkaian strain gage

= Rangkatan penguat instrumentasi
#« Rangkaian ADC 0804

+ Rangkaian LCD M1632

» Rangkaian penggerak motor

| ( Hasil Pendulum - Hasil Strain gage ) |

Selisth kesalahan (%) = - X 100 %
slisiiesaiiianles) Hastl Pendulum i
Tabel 4-1. Lincaritas kekuatan tarik benang

Kekuatan Benang Selisih
Percobzan | Jenis Benang (Kg) | kesalahan
Strain Gage | Pendulum (%)
Benang Obras

B 0.92 410

: (Rayon) e
2 GEp A K | 0.95 4.82

{polvester)
3 Benang Sulam |  1.02 098 5.52
Y Selisih kesalahan

Selisih kesalahan rata-rala o

3
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—481%
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= 0y .
E 0DE —a— Sitrain gage|
g 05 S —a— Fendulum i
Z nd
E 0.3 4
ne !
01 -
04—
1 2 3
Fercobaan

Crrafik 4- 1. Linearitas kekuatan tank berang

4.1. Pengujian strain gage
4.1.1. Tujuan

Adapun mjuan dan pengujian rangkatan strain gege adalah dengan cara
membandingkan setap perhilungan perubahan dari gava yang diberikan pada
stram gage vang dihubungkan dengan menggunakan rangkatan  jembalan
wheatstone dengan pengukuran vang dilakukan dari perubahan gaya vang
dihasilkan,
4. 1.2, Alat-alat vang digunakan

»  Siram gage

Rangkaian jembatan whealstone

hMulnmeter digntal

Catu daya
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4.1.3, Prosedur pengujian

1. Memasang urutan peralatan seperti pada diagram blok dibawah ini -

Multi meter
Bena » Stramn gage »| Rangkaian »  Multi meter
i whcalfil.mlﬁ

L Catu dava

Gambar 4-1. Diagram blok pengukuran strain gage

2. Melakukan pengukuran pada keluaran strain gage untuk mendapatkan mila
(3; tanpa menggunakan beban.

3. Menarik benang dengan menggunakan motor DC hingga putus.

4 Melakukan pengukuran pada keluaran strain gage umtuk mendapatkan nilai
G, dengan menggunakan beban,

5. Melakukan perhitungan nilai AR

4.1.4. Hasil pengujian
Dari hasil pengujian maka didapatkan data sebagai seperti vang terlihat

pada tabel berikut im ;

AR =G dengan beban — G, tanpa beban

v —| GR:-GaR;
e {Gl +Rl IGE‘R!)
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Tabel 4-2. Pengukuran strain gage

| (;; tanpa beban

G, dengan beban | AR

Percobanrn | Q) Q) ©)
| | 120 120.49 (.49
2 120 120.66 .66 |
3 1200 120.49 049 |
4 120 120.44 044
5 120 120.44 | 044
f 120 120.49 (.49
7 120 120.4 | 0.41
8 120 120.49 (.49
9 1200 120.66 (.66
10 120 120.66 | 0.66
I 120 120.6] 0.6l
12 120 120.66 (.66
13 120 120.59 (.59
14 120 120.44 | 044
15 120 120.49 0.49
| 16 120 120.52 0.52
| 17 120 120.41 L 041 |
18 120 120.47 0.47
19 120 120.66 0.66
20 120 120.54 0.54
21 120 120.59 0.59
22 120 120.56 0.56
23 120 120.54 .54
24 120 120,46 0.46
25 120 120.49 0.49

Tabel 4-3. Pengukuran nilai selisih kesalahan pada strain gage

B Output Strain Gage Selisih
Pereobaan {mV) kesalahan
Perhitungan | Pengukuran (%)
- I 3.09 4.92 341
2 6.86 .42 .30
3 504 4.92 341
4 457 4.44 3.06
3 4.57 4.4 3.06
6 5.09 4.92 341
7 4.26 1.15 2.66
8 5.09 4.92 341
9 6.86 6.42 Gk
1) 6.86 6.42 H.30
11 6.34 6.00 530




12 6.86 6.42 .30
13 0.13 5.83% 4.99
14 4.57 4.44 306
HRE 5.09 4.92 341
I 3.40 3.22 3.38
17 426 4.15 2.66
E 4.89 4.76 2.69
19 0.86 6.42 6.30
20 3.61 3.40 387
21 6.13 583 499
22 5.82 5.53 5.06
23 5.61 5.40 3.87
24 4.78 4,62 340
25 5.09 492 341

> Selisih kesalahan
25

[ 04.044
25

=4.162 %

4135 7 9111315171921 2325

Percobaan

Selisih kesalahan rata-rata —

%o

Yout (mV)

|
|
|
|
|

EFemitungan ® Pengukuran

(irafik 4-2. Pengukuran strain gage

4.1.5. Analisa
Dari data vang diperoleh tersebut dapat diketahui respon legangan

terhadap gava, bahwa setiap kenaikkan gaya akan diikuti oleh kenaikkan
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tegangan Dan hasil pengujian tm menunjukkan bahwa alat dapat bekerja sesuai

dengan yang dircncanakan.

4.1. Pengujian penguat instromentasi
4.2.1, Tujuan
Adapun tujuan dan pengujian rangkaian penguat instrumentasi adalah

memperkuat output dan rangkaian sensor gaya dengan menggunakan rangkaian
jembatan wheatstone yang merupakan sinyal analop sangat kecil, sehingga
Membutuhkan penguatan agar tegangan scsual dengan tegangan referensi ADC
sechingga dapat dikonversikan oleh ADC 0804 menjadi sinyal digital.
4.2.2. Alat-alat yang digunakan

¢ Rangkaian jembatan wheastone

¢ Rangkaian penguat instrumentasi

o Multimeter digital

e (Catu daya
4.2.3. Proscdur pengujian

|. Memasang urutan peralatan seperti pada digram blok dibawah ini :

Multi meter

Rangkaian Penguat | Multi meter
wheatstone Instrumentasi

| = |

Catu daya |

Gambar 4-2. Diagram blok pengukuran penguat instromentasi
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2. Menarik benang dengar. menggunakan motor DC hingga putus.

3. Melakukan pengukuran pada keluaran rangkaian jembatan wheatstone,

4, Melakukan pengukuran tegangan kelvaran yang melalui rangkaian penguat

instrumentasi.
4,2.4, I1asil pengujian
Dari hasil pengujian muka Jidapatkan data sebagai scperti vang terlihat
pada tabel berikut ini :
Viowz = Vi X Gain

(iain = 687,76 kali

_ | (Hasil Perhitungan - Hasil Pengukuran )

Selisih kesalahan (%) = - - x 100 %
Iasil Perhitungan
‘T'abel 4-4, Pengukuran pengual instrumentasi
Oufput penguut | setish |
Percobaan mstru::}&nmm kesalahan
. (o)
Perhitungan | Fengukuran
1 | 3.50 ' 3.38 ' 3.66
| 2 4.72 4.39 690
I 3 3.50 3.38 366
4 3.15 2.95 6.24
5 3.15 295 6.24
6 350 338 3.66
T 2.03 2.84 30l
8 3.50 338 3.66
9 4.72 4.39 690 |
10 4.72 4.39 6.90
I 4.36 4.13 5.30
12 172 4.39 6.90
13 4.22 4.01 499
14 3.15 295 6.24
15 3.50 3.38 3.66
16 3.72 - 1.59 3.40
17 293 2.84 301
18 3.36 3.27 2,70
E 4.72 439 T
20 3.86 3.55 | B3
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21 422 401 499 |
23 4.00 3.80 506
3 3.86 3.55 8.03
24 3129 3.18 141
23 3.50 338 366
o Zﬁa]isih kesalahan
Selisih kesalahan rata-rata = - 75 ]
_ 127040
25
= 5.080 %
5.0
45 |l
4.0 -
35
=30
w25
o Zli=
1.5
e,
0.3
0.0 1R L1 ! 1BIg Y
1 3 5 7 9 111315171821 23 25
Percobaan
E’erhitungan @ Pengukuran

Girafik 4-3. Pengukuran penguat instrumentasi
4.2.5. Analisa
Dwari data vang diperoleh tersebul dapat diketahui hasil dari perhitungan
dan hasil dari pengukuran tidak berbeda jauh schingga dapt mengurangi
keakuratan dalam melakukan swvatu pengukuran. Dan hasil pengujian ini

menunjukkan hahwa alat dapat bekerja sesuai dengan vang direncanakan.




Tabel 4-3. Hasil pengujian benang

Percolida Kekuatan Tarik Benang
(Kg)

] .96
2 1.00
3 .26
4
5

0.96
0.96

6 0.96
7 | 0.92
8 | 0,96
9 1.00
1.00
(.99
1.00
(.99
(.96 |
0.96 !
0.98
: 0.96
. 18 i 0,96
19 1.00
20 0.98
21 0,98
22 | 0.98
23 [ 0.98
24 [ (.56
J 25 i 0.96

Z Kekuatan tarik benang
23 Re

Kekualan tarik benang rata-rata =

= (1.973 Ky

4.3. Pengujian ADC 0804
4.3.1. Tujuan
Adapun tujuan dan pengupan rangkaian ini unuk mengetahui kondis

kelyaran ADC yaitu perubahan dari besaran analog mengadi besaran digital
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4,3.2. Alat-alat yang digunakan
e 8 led indikator
» Rangkaian ADC 0804
* Caludaya
4.3.3. Prosedur pengujian
1. Memasang urutan peralatan seperti pada digram blok dibawah ini -

Catndaya| o ADC0804| —» Sled
mdikator

Gambar 4-3. Diagram blok pengukuran ADC 0804
2. Memberikan masukan pada ADC berupa catu daya dari 0 volt sampai 5 volt.
3. Apabila keluaran bmer led im dikonversikan sesuar dengan nilai masukan
analog maka rangkaian berfungsi.
4.3.4. Hasil pengujian
Dan hasil pengujian maka didapatkan data sebagai seperti yang terlihat
pada tabel berikut ini -
Tabel 4-6. Pengukuran ADC 0804

4 |
Vis 7 ip6 D5 | 4| D3| D2 | DI | DO
(mV) i i
5 IR ENRERE R EEE
4.5 Lit1|J1L]lolojolol]1
4 ‘1 jtr]Joloeli]o]o]o
35 [1Jeft1JojJrli1]l71]1
3 1joef(o|1loltl1]0
Ay O T 1) 33 |, 11011
2. lolajijoelelife]o.
15 e i Joo 16|11
1 oJojli1f1]lolof1[o]
0.5 o loloj1j1lolao!l1!l
0 o lolololol o]0 | 0|




4.3.5. Analisa
Dan data yang diperoleh tersebut dapat diketalun bahwa keluaran ADC

DB04 vang berupa data biner 8 bit sesuai dengan data analog masukan.

4.4. Pengujian LCD
4.4.1. Tujuan
Adapun tujuan dar pengujian rangkaian i wotuk mengetabui kondisi

keluaran LCD yantu sebagar tampilan hasil pengukuran kekuatan benang.
4.4.2. Alat-alat yang digunakan

e LCD

e Rangkaian mikrokoniroler AT 89552

¢ Catudaya
4.4.3. Prosedur pengujian

1. Memasang urutan peralatan seperti pada digram blok dibawah ini :

LCD

4

Y

Mikrokontroler
L Catu daya

Gambar 4-4. Diagram blok pengukuran LCD

2. Memberikan masukan pada LCD berupa catu daya dari 0 volt sampai 5 volt.
3. Apabila lampu menyala dan terdapat karakter maka rangkatan berfungsi.
4.4.4. Hasil penpujian
Dari hasil pengujian maka didapatkan data sebagai seperti yang terhihat

pada gambar berikut ini :
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Gambar 4-5. Hasil pengujian LCD

4.5. Pengujian ranghkaizan penggerak motor DC
4.5.1. Tujuan
Tujuan dari pengujian rangkaian ini adalah untuk menentukan konfigumasi

bit pengaturan arah putaran motor.
4.5.2. Alat — alat yang digunakan

=  Motor DC

e Rangkaian driver motor

e Catudaya
4.5.3. Prosedur pengajian

1. Memasang urutan peralatan seperti pada digram blok dibawah i

Driver motor }—{ Maotor DC

r
T———-'II.Tattu dava

(Gambar 4-6 Diagram blok pengukuran motor DC

2. Memberikan masukan pada driver motor berupa catu daya 5 Volt.
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3. Membenkan masukan pada motor DC berupa catu dava 18 Volt.
4. Apabila motor dapat bejalan maka rangkaian dapat bekerja dengan baik.
4.5.4. Hasil pengujian
Dari hasil pengujian maka didapatkan data sebagai seperti yang teriihat
pada tabel berikut ini :

Tabel 4-7. pengujian motor DC

Pl P32 Kondisi motor
"_""ti:”_ 0 [iam
0 ] 1 Diam
1 : 0 Mundur
1 i 1 Maju !

4.5.5. Analisa
Dari tabel diatas dapat dikctahin bahwa untuk menghasilkan gerakan atau
arah putaran motor dapat dilakukan dengan memberikan masukan berupa logika 1

atau 0 pada output P3.1 dan P3.2 mikrokontroler AT 895852.




BABY

PENUTUP

5.1. Kesimpulas
Dari pemgamatan dan analisa selama proses perencanaan hardware dam
software serta pengujian aat dapat diambil kesimpulan sebagai berikut :
I. Dengan bertambahnya beban tegangan outpul pada rangkamn jembata
wheatstone kenaikkan sebesar 0 — 7,27 mV.
2, Alat dapat bekerja secara linter dengan bertambahnya gaya yang diberikan
maka kekuatan tank per helai akan semakin besar pula
3. Dan hasil pengukuran penguatan pada rangkatam mstrumentasi didapat
penguatan sebesar 687,76 kali.
4, Dan sensor gaya dapat diambil kesimpulan bahwa Selisih kesalahan rata-rata
sebasar 4,162 %.
5. Dari rangkaian penguat instramentasi dapat diambil kesimpulan bahwa Selisih

kesalahan rata-rata sebasar 5,086 %.
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5.1. Saran
Beberapa saran vang dapat penulis kepada phak-pihak yang bermaat
mengembangkan alat ini antara lain -
1. Dalam pembusian alat seperti im bendaknya menggunakan komponen yang
berkualitas tnggl agar mendapat hasil yang akurat dan mengurang mla error.
2. Sistem yang dirancang ini merupakan konsep dasar pengukuran berat dengam
batas pengukuran 1,3 Kg/helai untuk pengembangan lebih lanjut diharaplkan

beban maksimal melebihi berat maksimal yang sndah ada.
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LAMPIRAN |
SPESIFIKASTI ALAT

Crambar 4-7, Foto alal keseluruan

Spesifikasi alat

Alat ini menggunakan tranduser strain gage yang diaplikasikan dalam scbuah
rangkaian jembatan wheatstone sebagal sensor gaya,

Menggunakan mikrokontroler AT89552 sebaga pengendali utama rangkaian
sccara otomatis sehingga dapat bekerja dengan batk sesual dengan vang
direncanakan.

Mengeunakan motor DC sebagan penarik benang hingga pulus.

Menggunakan L.CI dengan jumlah karakter 16 X 2 untuk unit tampilan dari

hasil pengukuran.




LAMPIRAN 2
DATA HASIL PENGUJIAN LINIERITAS

Jenis benang  : Benang Obras (Rayon)

= Kekuatan Tarik (Kg)
Fercubgan Strain Gage ) Pifagndulum
| 0.98 092
i 2 0,98 0.9
L 3 0.96 0.96
4 ' 0.98 . 0.96
B 5 0.94 " 0.9
6 0.98 0.94
' 7 096 0.92
| 8 0,96 0.94
9 0.96 0.92
| 10 0.94 09 |
. _Rata-Rata | (964 0.926 |

Jems benang  : Benang Jahit { Polyster)

Kekuatan Tarik (Kg)

| enobeay [ Strain Gage Pendulum
B 1 0.96 0.94
= 2 0.94 0.9
] 3 0.98 0.94

4 ' 0,98 ' 096
» 5 1 ' (.98
| 6 , 0,98 (0.94
| 7 098 0.96
N R ! = 094
, 9 1.2 1

10 ! 0,98 W 098
| Rata-Rata | 1 0.954

lenis benang | Benang Sulam

! Kekuatan Tarik (Kg)

Wit

| Percobaan Strain Gage ) Pendulum

| ] 1 0.98
3 13 1 |
E:

f : | 0.98 _. 0.98




4 1 0.94

5 0.98 0.96 l
6 098 0.98 !

7 1 1 l

8 0.98 09 |
| 9 1 098

10 1.2 |

Rata-Rata 1.0032 01.978




LAMPIRAN 3
LISTING PROGRAM

(e ] chspelear  equ 000000016
On3R funcset equ 001110000
(MM entrmond equ  (0OOOT 0B

oooc dispon equ OO0 TO0h
000k cusor equ - OOOOTTTOR
(] biinh cqu  UDDOTIGIb
o9 K equ  pl

TN - equ - pl

(2 wion_led cqu o pl 2

(HFRS data led cqu - pla

(L oo equ - pld

O0G wr_adc equ  pl 5

OoBL arah cgu - pil

00B1 MOtor equ pal ~high
(0132 sahlar cgqu pacz L low
OB lstarik equ pa 3 o
OB [sderong equ  pid Mow
(0B lsawal equ pas - fonw
(030 butler equ  30h

003 | hutter] equ  3lh

0032 simpan | cgqu - 32h

(I3 2 simpan 20 3%h

(R orz b

Program utama

EEI) mular:

R R soth saklar
G2 DI2H3 seth lstarih
FTEG s TR et bagoroma
e C 2B clr motor
Q008 1207153 leall mitled
OO 7R | e s i |
OO0 G 4 mion dptr=har |

Q02 T 200 ey lcall cetak |




0013 7D
0015 9001D6
0018 1200F 1
D01 B 753300
001E20B2FD
024 853330
0027 120074
002A C2B0
002C 120173
002F DIB]

0031

0031 30B329
0034 30B5FA
0037 1200B5
003A 941E
003C 4016
003E 75F005
0041 A4
0042 £532
0044 9533
0046 400C
0048 E53230
{048 853233
004E 120074
0051 02003}

0054

0054 853330
0057 120074
005A 020031

005D

0050 753304
G060 C2B1
0062 120173
0065 D2BO
0067 120173
006A D281
006C 20B4¥D
006F C2B1
0071 02001E

mov R5#1

oy dpir #has?
leall cetak?

mov simpan2 #0
awal: jb saklar$
mov buffer simpan?
Icall tazapil

clr arah

lcall dly 100ms

setb motor

amhil;

inb Istarik ambil |
mb lsawal anibil
Icall ambiladc

subb a#30

je ambiid

mov b A5

mul ab

mov a,simpanl
subb a simpan?

jc ambilD

inov buffer simpanl
mov simpan2,simpan |
Icall tampil

Jrup ambil

ambil(:

mov buffer simpan2
leall Gl
Jmp ambil

aminll:

mov simpan2. 2
clr motor

lcall dly 100ms
seth arah

lcall diy 1 30ms
scth motor

b Isdorong $

clr motor

jmp awal




sub program

0674 7DOI
0076 9001 A8
079 1200F6
007C H01BA
007F 1200F1
0082 £330
0084 75F064
0087 84

DOEB 85F031
0O8B 4430
008D 12010D
0090 742C
0092 12010D
0095 E531
0097 75F00A
009A 84
D098 8B5F03]
D0YE 4430
00AD 12010D
00A3 E531
00AS 4430
(0AT7 12010D
00AA 7448
Q0AC 12010D
D0AF 7467
O0RI1 120101)
00B4 22

HIB5

00B5 D295
DOB7 00
0018 00
00B2 00
GOBA ¢
00BB 00
(OBC C295
(0BE 00
00BF 00
00C0H 00
00C1 00
onC2 00

tampil: mov r5,#]

maov dptr #hl
Tcall cetak]
mov dptr #h2
lcall cetal?
mov a.buffer
mov b# 100
divab

mov bufferi. b
orl a #30h
lcall daraout
mov a#'
leall dataout
mov a,bufferl
mov b #10
div ab

mov buffer] b
or] a,#30h
leall dataout
mov a bufter]
orl a#30h
leall dataout
mov af'K'
lcall dataowt
moy afy
lcall dataout
et

ambilade:

seth wr_ade
nop

nop

nop

nop

nop

clr wr_ade
nop

nop

nop

nop

nop




00C3 00 nop

00C4 D295 seth wr_adc
00Co waiteocl:

00CH 3094FD jnb eoc waiteoc |
MOC D294 seth eoc

MCEB ESAD moy ap’

Q0CD F532 oy sunpanl a
00CF 22 ret

00120 120153 hapus: leall wtLCD
GoD3 7D01 mov r3,#1

GOD5 900184 mov dptr #hapus 1
0ODR 120086 lcall cetakl
DB 7D mov 15 #1

GODD 0196 mov dptr, #hapus2
Q0EOD 1200F1 Icall cetak?

O0E3 22 ret

: Routine LCD
O0E4 bans2:

ME4 ED mov ard

O0ES 24C0 add a f0cOh -1 1000000L
QOE7 8003 sjmp posisisub
Q0ES bansi:

QOE® ED mov ars

OOCA 2480 add 2,800, 10000000
O0EC posisisub:

00EC 14 dec a

Q0D 120103 Icall controlowm
0010 22 et

O0F | cetak?:

00F1 1200E4 Icall baris2

004 8003 sjap hife

DOFG cetak |

O0FG 120009 lcall banis1

(OF?
OOF9 8004

sjmp outsiring




0OFB
OFD 12010D
(0OFE A3

00FF

O0FF E4
0100 23
0101 B424F7
0104 22

0105

0105 COR3
0107 C082
0109 C290
0108 8006

010D

010D C083
010F C082
0111 D290

oL13

0113 D291
0115120123
0118 7EFA
011A DEFE
011C D032
011E D083
0120 C291
0122 22

0123
0123 C292
0125 75F008

0128

0128 13
01299293
012B 00
012C (x)
012D 00
O012E 00
012F D292
0131 00
013200

loop

lcall datacut
inc dpir

outstring:

clra
move a(@a+dptr
cine ai#'$" loop
red

controlout:

push dph

pash dpl
clrrs

symp out

dataout:

BEseT

al:

push dph
push dpl

setb rs

seth e

lcall geser
mov 1o #2350
dinz r6.%
pop dpl

pop dph
cire

et

o i Joa
mov b#8

mea
mov data ledc

nop
seth con led




013300

0134 00

0135 C292
0137 DSFOEE
(013A 22

013B
013B 7E00

013D
013D 7F00
013F DFFE
0141 DEFA
0143 22

0144
0144
0144 7B0O

0146

0149 DBFB
0148 DAF7
014> 22

014E

014E 7F00
0150 DFFE
0152 22

0153

0153 7401
0155 120105
0158 12013B
0158 7438
015D 120105
0160 740C
0162 120105
0165 7406
0167 120105
DI6A 22

nop

nop

clr con_lcd
djnz b,al
ret

dele:
mov i #00h

diyledip:
mov 17 #00h
dinz¢7.%
djnz r6 dlyicdlp
ret

Idelay:
ldelay2:
mov 13 #00h

Idelayl:
djnz 13 Idelay]
dinz r2, ldelay2
ret

tdelay:

mov r7 #00h
dmz 7.3
et

mitlcd:
mov a#dispclear
lcall controlout
Icall dele
mov a flmcsel
leall controlout
mov a #dispon
leall controlout
mov affentrmod
Ieall controlowt
ret

Rutin delay




0168 dly1000mS:

Q16B TAQA mov 12 #10
016D UlDel:

016D 120173 lcall dlyl00mS
M70 DAFB dinz 2, UDel
017222 et

0173 dly100mS:

073 7ECE moyv ré #2200
0175 02017D limp waktu
0178 dly 10mS:

DL78 7E14 mov h #2320
0L7A02017D limp waktu
017D wakiu:

M 7D 7FFT mov  r7#247
017F DFFE dinz 7%
181 DEFA dinz 6, Wakiu
018322 ret

0184 hapusl:

0184 20202020 db' $
O188 20202020

Q18C 20202020

0190 20202020

0194 2024

0196 hapus2;

0196 20202020 db' $
019A 20202020

019E 20202020

01A2 20202020

01A6 2024

O1AS8 hl:

01A8 4E696C61 db 'Nilai satvannya $'
01AC 69207361

01B0 7475616E

01B4 6E796120

01B8 2024
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UNIT LAWANG

?%f, s INDUSTRI SANDANG NUSANTARA

Flhdatdy

K mcdep st ol

? Apmad -0 indrakiee No. 1 Telp: (0349) AZ6158. 428254 Fax () 426220 Telas 31073 Lawang 63216 - Malang I\?';::;:-n::
Kantar Pusst | A Walbar Mongirskdi M, BaK Kebayrran Baru Telp, (021} 7252623, 7252624 Fax, [029) 7221553 Jakarta 12470 - Indaroas Rey  CEC 2467

SURAT TE GAN
Nomeor : 999 17 -k /2006

Sesuai surat ijin Praktek Kerfa Lapangan dari PT. Indusri Sandang Nugantara (Perserc) Unit
Patal Lawang No. : 027 /7 — G / 2006 tanggal 14 Maret 2006 perihal Survey (Fenelitian), maka

dengan ini menerangkan bahwa :

NAMA ' HERVIN DWI ANINDITA
NIM : 01,17.077

PERGURU AN TINGGI (TN MALANG.
FROGRAM STUDY : TEKNIK ELEETRO.

JENJANG PENDIDIEAN -5 - |

Telah melaksanakan Survey (Peneletinan) selama 2 (dua) hari mulai tangeal 20 & 21
Marel 2006,

Demikian Surat Keterangan ini dibuat untuk dapat diperginakon sebagaim ana megtinya

Lavang, 21 Maret 2006

General Manager,
RIS Ub.
G
[ i
fe i
i ‘“'I' i
-

—_—

4T ARY SUPRIYATNO
Manager Keuangan & Umuni.




} FAKULTAS TERNOLOG! INDUSTRI

gﬁ INSTITUT TEKNOLOGE NASIONAL
" JURUSAN TEKNIK ELEKTRO

Formulir Perbaikan Ujian Skripsi

Dalam pelaksanaan Ujian Skripsi Janjang Strata 1 Jurusan Teknik Elektro Konsentasi T. Energi
Listrik [/ T, Elektronika, maka perlu adanya perbaikan skripsi untuk mahasiswa -

NARA . AR et DU A ypra
N T L IFT 7

Perbaikan meliputi

@ Zats Pogein et oAy Aibawg,

Malang,




INSTITUT TEKNOLOGI NASIONAL
FAKULTAS TEKNOLOGI INDUSTR]
JURUSAN TEKNIK ELEKTRO
JL.Raya Karanglo K 2

MALANG

FORMULIR PERBAIKAN UJIAN Sk RIPSI

Dalam pelaksanaan Ujian Skripsi Jenjang Strata | Jurusan Teknik Elekiro
Konsentrasi Teknik Elekironika, maka perlu adanya perbaikan  sknpsi untuk
mahasiswa :

Nama : HERVIEN DWI] ANINDITA

Nim - DLIT7.077

Masa Bimbingan - 10-seplember-2005 s/d 13-mare1-2006

Judul Skripsi . PERANCANGAN DAN PEMBUATAN ALAT

PENGUKUR KEKUATAN BEMANG DIGITAL
DENGAN TAMPILAN PADA (CD BERBASIS
MIKROKONTROLER AT89S52

[ No [ Tangeal Uraian Paraf

| 1 | 18-03-2006 | Bukti pengujian di laboratorium tekstil /7//
Mengetahvi

Doz:b_iribing 1 Jlosen Pembimbing 11

(Ir. Usman Djuanda, MM ) { M. ibrahi hari, ST
NIP.P 07 061 05 01350 NIP.P. 1030 100 358

TNIP. Y. 1039 500 274




INETITUT TEKNOLOGI NASIONAL
FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKMIK ELEKTRO

Formulir Perbaikan Ujian Skripsi

Dalam pelaksanaan Ujian Skripsi Janjang Strata 1 Jurusan Teknik Elektro Konsentasi T, Enzrgi
Listrik / T, Elektronika, maka perfu adanya perbaikan skripsi untuk mahasiswa |

MAMA
MM
Perbaikan meliputi

=~ Dak Pertoiee U/ beebsogat  qens  bewpvg 11
¥ i L—!j:;-'-‘“‘ e Weald  fats i:'{. kiaitmin 'L:_ww By e At !
- 1< &cim pulan

[ M. Afkan




INSTITUT TEKNOLOGI NASIONAL
FAKULTAS TEKNOLOG! INDUSTR?
JURUSAN TEENIK ELEFK.TRO
JL.Raya Karanglo Km 2

MALANG

FORMULIR PERBAIKAN UJIAN SKRIPSI

Dalam pelaksanaan Ujian Skripsi Jemjang Strata 1 Jurusan Teknik Clekiro
Konsentrasi  Teknik Elektronika, maka perlu adanya porbaikan skripsi untuk

mahasiswa -
Mama : HERVIEN DW1 ANINDITA
Nim : OL17.077
Masa Bimbingan i 10-september-2003 s/d 13-maret-200
Judul Skripsi . PERANCANGAN DAN PEMBUATAN ALAT
PENGUKUR EKEKUATAN BENAMG DIGITAL
DENGAN TAMPILAN PADA (.CD BERBASIS
MIKROKONTROLER AT&9S52
No | Tanpeal Uraian — [ Pamr__
L | 18032006 | « Dara pengujian untuk berbagai jenis ﬁ(f
benang ,{i—nal..
= Algoritma maks data kekuatan benang ke '
ADC ]g,ﬂ_f
¢ Kesimpulan
Mengetahui
Dosen Peinbimbing 1 Dosen Pemabimbing 11
M
(Ir. Usman Djyanda, MM } (AL Ibrahim Ashan, 8T )
NIP.P 07061 0501350 NIP.P. 1 030 100 358
Dwosen Penguj 11

~JH=

(M. Ashar, ST MT)




INSTITUT TEKNOLOGI MASIONAL
FAKULTAS TEKNOLOGI INDUSTRI

JURUSAN TEKNIK ELEKTROQ

JL.Raya Karanglo Km 2

MALANG

LEMBAR BIMBINGAN SKRIPSI

Nama : HERVIEN DWI1 ANINDITA
Nim : 01.17.077
Jurusan . Teknik Flektro
Kosentrasi : Teknik Elektronika S-1
Masa Bimbingan o H0-september-2005 s/d 13-maret-2006
Judul Sknipsi : PERANCANGAN DAN PEMBUATAN ALAT

PENGUKUR KEKUATAN BENANG DIGITAL
DENGAN TAMPILAN PADA LCD BERBASIS

MIKROKONTROLER AT89552
Pembimbing ¢ 1. Ir. Usman Djuanda, MM
2. M. Ibrahim Asharn, ST
Telah Dicvaluasi - 95/95 A.._
Diperiksa dan Disetajui
Dose himbing 1 Dasen Pembimbing 2
Ir. Usman Djuanda, MM (M. Ibrahim Ashan, ST
NIP.P 07 06} 05 01350 NIPP. 1 030 100 358
Mengetahew

Ketua Jurusan Teknik
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INSTITUT TEENOLOGE MASIONAL
T BENIMINGAN SIOLURA-GTIR S 2

FORMULIR BIMBINGAN SKRIPSI

e i WA AN
NoEma ¢ Hervien [Dwe Anindita
Mim SOLI7077

Masa Bimbingan
Judul SKripsi

2 10-5ep-20035 sid 13-Mar-2006

: Pembuatan dan perancangen a
digital dengan tampilan pada | CT berbasis Mikrokonteroller

l-f pengukur kekuatan benar ;

ATRISAZ

0 Tenggel _ Fraian Ie;;:g;mg_'
Ll tood o | M Bab T /

| oot lor | e Bab T __7 O
i | (e e os | Runsi Pab i é
117 obbos | fee Bo T R
5% s | B EB B 4
6. (Lo feb eb bhee  Poub ﬁ

7. (o Feb (ol | Mabalad  Semmar : _'_ﬁz.ij L
- _ ; L
._.[}j.l | .
e - ] -

Malang, 247~ £ - 2rog
Dosen Pembmbing

Gatir

le. Usman Dyjuanda, hh




l?ﬁ*“'.'.’.““*, (S TETLT TRENOLOCH NASIONAL
¥ g %-' Mo BENDUNGAN SIGURA-GLIRA 2

\ 5/ MALANG
FORMULIR BIMBINGAN SKRIPSI

MNama : Hervien Dwi Aninditla

Mim cQLTTFOTT

Masa Dimbingan 2 I-8ep-2005 s/d |3—|"npf[a|.'—2CIIl}-lf-,oig

Judul Skripsi : Pembuatan dan perancangan alat pengukur kekualan benang
digital denzan tampilan pada LCD berbasis Mikrokonternler
ATEISSD

— - = : —
NO Tanggal Uraian Paraf

! I | ] | Pembim
& o our o | (I K{jwié T ﬂ Zt?

| 72 | W r_ﬂ{,lr 05’ ¢ CL v W‘l&__g

|
| Zrean) _,r1
Jﬂ

yBdetos | e wal Tl ’

o2 gam ’o,é: Ay ab |V ﬁ,
0 @Lbdé 21 oaby W/

o (b ol] mealil Swmmer | M

_‘-

-

]

o

|
et |

Malang, W P“Jf’ '-"_l}i']ﬁ
Diosen Pembmbing

b,

M. [brahim Ashari. ST

T i |
Ferena, 5=




- TRRNOLUGE FASIONAL MALANG
TEKNQLOG| NASIONAL MALANG
TEKNOLOGI NASIONAL MALANG
TEKNOLOGI NASIONAL MALANG
TEKNOLOGI NASIONAL MALANG

INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOGI I‘lIAEDHhL ML&HG
INSTITUT TEXNQLOG! NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG  INSTITUT TEXNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG

TEKNOLOGI NASIONAL MALANG
TEKNOLOGI NASIONAL MALANG
TEKNOLOG! NASICNAL MALANG
TEKNOLOG! MASIONAL MALANG
TEKNOLOGI NASIONAL MALANG
TEKNOLOG! NASIONAL MALANG
" TEKNOLOGI NASICNAL MALANG
[ TEKNOLOGI NASIONAL MALANG
T TEKNOLCG! NASIONAL MALANG
T TEKNCLOGI NASIONAL MALANG
T TEKNOLOG! NASIONAL MALANG
T TEKNOLOGI NASIOMNAL MALANG
T TEKNOLOGI NASIONAL MALANG

IT TEKNOLOGH NASIONAL MALANG s

T TEKNOLOGI NASIONAL KALA

T TEKNOLOGI NASIO
T TEKNOLOG| NASIONA
T TEKNOLOGI NASION

T TEKMCLOGI NASIONAL
T TEKNOLOGI NASIONAL M
IT TEKNOLOGI MASIONAL MA
IT TEKNCLOGH HASIONAL MALA
IT TEKNOLOGH NASIONAL MA

JT TEKNOLOG! NASICNAL MALANG ¥

JT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOGI MASIONAL MALANG
JT TERNOLOGI NASIONAL MALANG
IT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOG! MASIONAL MALANG
IT TEKNOLOGI NASIONAL MALANG
T TEKNOLOGI NASIONAL MALANG
IT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOGI NASIONAL MALANG
JT TEXNOLOGI NASHONAL MALANG
JT TEKNOLOG! MASIONAL MALANG
JT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOGH NASIONAL MALANG
JT TEKNOLOGI NASIONAL MALANG
JT TEKNOLOGI NASICNAL MALANG
IT TEXNOLOG! NASIONAL MALANG
T TEKNOLOG! NASIONAL MALANG
T TEKNOLOGI NASIONAL MALANG

INSTITUT TEKNOLOG! NASIONAL MALANG
[NSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITLT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLQGNG

INSTITUT TEKNCOLOG! NASIONAL MALANG
MNSTITUT TERHOLOGI MASIONAL MALANG
INSTITUT TEKMOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGH NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOG NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGH NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG

NSTITUT TEKNOLOG! NASIONAL MALANG
R ISTITUT TEKNOLOGT NASIONAL MALANG

DGI NASIONAL MALANG
DG MASIONAL MALANG

DLOGH NASIONAL MALANG
H0LOGI NASIONAL MALANG
NOLOG] NASIONAL MALANG
KNOLOGI NASIONAL MALANG
EXNOLOGE NASITNAL MALANG
TEXNOLOG! NASIONAL MALANG
TEKNOLOG! NASIONAL MALANG
INSTITUT TERNOLOG! NASIONAL MALANG
ALANG  [NSTITUT TEKNOLOG! NASIGNAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGE NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGH NASIONAL MALANG  INSTITUT TEXHOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  JNSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKMOLOGI NASIONAL MALANG  INSTITUT TEKNOLOGI MASIONAL MALANG
NSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKMNOLOG! NASIONAL MALANG
INSTITUT TERNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOGI NASIONAL MALANG
NSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TEXNCLOGH NASIONAL MALANG  INSTITUT TEKNOLOG! NASIONAL MALANG
INSTITUT TERNOLOG! NASIONAL MALANG  INSTITUT TEKNCLOGI NASIONAL MALANG
INSTITUT TEKNOLOG NASIONAL MALANG  INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLCGI MASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG  INSTITUT TEKNOLOGT NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG  INSTITUT TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOG! NASIONAL MALANG  INSTITUT TEKNOLOGI NASIONAL MALANG

INSTITUT TEKNOLOG! NASIONAL MALANG INSTITUT TEKNO) OGI NASIONAT MALANG
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FEATURES
H. 'Ta 1 ANTTER
(TR
Power dissipation CBLEMYE) 1:,#
Pae : 0635 W (Tamb=257) Em
Collector current Ol AU ”‘:‘:’“’;‘
lw : 05 A
Collector-base voltage  <mitus—mistisur » Y

Vimcso 145V

ELECTRICAL CHARACTERISTICS (Tamb=25T

unless otherwise specified)

W% £ CREER B F 5 M B
¢ P | meen e |5 =

SRR ABIT A VBRlw | l=100BA, L0 | 45 v
mm#ﬁ V(BRley | lo=0.1mA, ig=0 25 v
T Ty VB | L= 100uA. 120 5 v
mmm o V=40 V10 01 | wa
i‘?ﬂﬁ‘:’.m L Ver= 20 V10 01 | paA
iﬂ:..?:-m femo Vewm 5 V. =D 01 | mA
DC cument gain(note) | e V= 1V, L=S0mA | B4 900
'E LR e i 0 o]
AR ENBANER Visfsot) | L=500mA, ;=50 mA 08 | v
g e N [P, PR 12 | v
Mim Vo = 1 O, 14 v
Tramifion  Sequency V=6V, = 20mA
B E 8 x i s 150 WMHz
CLASSIFICATION OF Hees, )
oo D B ¥ G H 1
—H &49] R117 06-135 112-166 144220 190-300
S CmIIamme e Emmam e




FEATURES FIN CONFIGURATION
Peagromennhile Galng from 0.1 w 1000
it
llu-unnm?- i . ] Gam
Low Dvife: 25/ C mex (L)
Complets input Prowction, Puser OM and Powee OFF ol [2 8] feaus
Fanationally Complets with the Addition of Tweo Resistors -sour[3 ey P
ol Barcisidah Prodwct: 40084y orreer 10 o mer
Cutowt Clarvent Linsbtnd: 2Band,
Very Low Mekn: 8.0uV pp, .14 1 Wik, RTI @ @ = 1008 v-Is ") 8 s
Chips are Avalisbie orvect = =
TR
U ¥ | e

BiTimency ton smplifier developed Asslog Devices. Az
mmw&.hnﬁnhpﬁmé
Mm&-mwm
output gain relstiomship,
mmntm%ﬂmhm
fosed with an

impays, bow bise cnrests sad
bigh CMR_
Az & complete

3 {mp to 1204B) or the high input impedamce (3 X
L mdmmn.lm-ﬂu-mm
umplifier-based instrenentation mmplifiers, tise impurs wre
wotected againar ovcrvolnages up vo 15 volts beyond the
upplies.

Mhe AD521 IC instremsentation splifier i svadisble in four
iifferent versions dmﬂmmw
‘htu-ﬁH'j'plt.ﬁ:hrﬁﬁTln#.lﬂh
ywer drify, higher linesrity “L"™ grade are specified from 0 1o

fﬂ'ﬂmvpﬂmpﬂh-“mm
over the extended emperstare range: -55°C o +125°C.
FRODUCT ISCHISCHTS
1. The ADSZI u-mmmhm
&ukhnuﬂqﬁhnmpuhmnqﬂcw
rmmm-.mu
cost.

2. The ADS21 h-h-miqnﬂluvdt*ﬂ
(2pV/C for L grnde) -dhui:fwmﬁin.ﬁiph
spplications,

3. The ADS21 is funct complete with the sddivion of

two resitacs. Gain cam be preser from 0.1 to move then

1000,

5 mw&a-ﬁﬁmlhoﬁu
the naey the provision for Hmiting bendwided:

ﬁcﬁ:*mhm-ﬂuqﬁdtﬁm

7. mmnqu—kmm:
Mpﬁudm&.ﬁlpﬂhmﬂ
100kFE of gain) and » setding time of Sm
w0 0.1% of 2 10V seep.




AD521 —SPECIFICATIONS tupical @ ¥, = 215, B, = 30 and T, = +25°C smiens ofberwite specifiad)

Ho0E). ADTITHY ApITIES ADRID IT—
A
Tamgs (P Spesidfied Operonben, Moes 1) 1y i . -
Hrymadiosh G= By YTV 5
Bz dern Muation i 3 SALENG = ki -
rlsadimmriry (imm )
A B — : 1% »
e e scut s sl
ot (AR SV, EPOmA i = . -
Py ot B i ooy Temsmiestn :J-;ll-nn* : : :
Tl Tigep Bardwbigh 15 S
Lw] 1 H - ® -
C=18 Bt i = i
= 100 FtAEN . - -
= e n =3 .
Putaill Pl s
ﬁ-‘r-'-ﬂn T - * -
G0 MEHy i 5 "
G 500 F = - 13
Lm0 = e - - -
Pl Pl Sane ¥ e - * s
Tl B, 196K 3000 PV * . o
Tmiing Tiesr Gy WV vy o wiis e of Fisgl Viler) a
Gl T = 2
Cal h - " -
L= e e » . -
- B Hlam - . -
TRéSrmeiad Eind PEY o s i
Pl gl Vgl ) (Mo 43
t:,l-ﬂk ooy (MY Inper o widhio T g : =
L]
mdmmmn
G = wbl * = L] -
ST AGE OFFEET mey e salied) T : = E
gy DV Volugs Vi) mmn TV E g U i Ll s LY
Tempam Mfc—w:v"ﬁl:m ST G {5 5N Coppd ‘ﬂ'ﬂ!— o
- ¥R - -
Diq-tﬂ-t'htw L [ TtV ek ¥ e .
wfzqm#cw PV W Carpd TRV e -
. Bupply (iewr &) B g P - N s
NPUT CURNENTS
T it Cvorvms. (el it} Ao, s . W sl i
., TS S G St = ol
. fapply v . . -
Imgee (ifpee Cwepemi LY ] Tk man - -
L T A 12 Sy - -
T
Didtirvaditd ingest (s T 1 30" (i agr - . -
e Hads g, Smpedancs (Fow I LES . ot (T - - -
lapar Vultitgs Raage far Fprcfiod Pechanmonr
hﬂ*-,—.ﬂl E L] - -
ot DFF Tilraemrial Mady (Mot 7§ pow - - -
Voagr ar ey e oo #5 Wy 1LV . - -
Corsmmn Made By Ry, DU wy dde vah T80
Beabry dabidenyr
Gal ‘Ml mim (0B rpp} T s 0 1y ] * -
G= i DO i, (DL i} VL i OO ryp) - -
Ca 180 D00 e { i ryp ) DA a1 B4 T - -
Fr—— R i (O () 3R s {120l sy - - I
Waktnge KETH) () 0.3Mx su 102 (Mot 1) :@ﬂ - . .
RN BTO, e e 0l ® 'V = - -
Courvenn, s, s 30 104 H 1 (it - ' N S
REFEREMNCE TERBPNAL
i e i - - -
e b » bl -
Visloogs Sitge £ LY * = -
Casisn 5o Dipigmet. ) - ] .«
FOWER SLFTLY
Diprywomy Visieage Bpnge EFY = 200V - . -
Ciicnprws Sapmiy Covrse ol s = - - —
TEMPERATURL RAMNGE o e
ot Prrisrssecy [T - - AT
Dpemmy 2'Cw 1 - . —ar°Cua =i
Sermnge 45" T4 2 L i I

et R




Appiying the ADS21

NOTES:

hﬁthﬁuﬁqﬂu&{l@uvﬂqﬁm be re-
swicted 10 10V for gains equal 1o or bem than 1.)

2. Nonfinesrity is defined 25 the ratio of the deviation from
the “best smaight line™ through a full stale guTput range of
£9 volts. With 1 combination of high gain and £10 volt outpur
swing, diortion may increase to ae mmch 150 3%.

1. Full Peak Responie is the frequency below which 2 typical
ﬂn-plilh-ﬂlpmdnuflllmqutui‘.

test input is & 30V, 10ps pulse at a 1kHz rate. (When & differ-
ential signal of greater than 11V is applied berween the inpars,
voltage across invernal imput resistors. If 3 continmsoas overload

innuhd,pmﬂﬂpmhmm_mm

mmﬂnwwinﬁ:m
-mmtu-ﬂﬁnemhtﬂmm
thee il

5. Common Mode Strp Recovery i the tme it tadoes the mmp-
lifier to recover from s 30V common mode inpur with zxT0
voits of differential signel o within 10mY of final valne. The
test imput is 30V, 10us puisc a1 a 1kHz rate. (Whes & com-

mon mode signal greater than Vg -0.5V s spplied 1o the
mu.mgpmwmmm-ﬁm

éh;dxq:hnﬁttwmnﬂunm&mlm

6, omputﬂﬁlq:wutupmml'msu"ly inchades
consrant 0.005 fimes che enaulied outpur offser pes pescent
dnq:‘ue‘ﬂnpmﬁpplr,lfﬁ:mnﬂhuiwﬂﬂ.
ﬁcmdﬁqdﬂ‘emnpﬁ change i sabscamiatly
redword,

S Bﬁnuﬁ.lhp-tlmpahmk:hirqnhmhﬂm&

wo impats,

8. Commen Mode Inpux impedance: s the impedance from

either input 1o the power suppliey.

8 Maximam lnput Voltage (difforanial or ar cither input) is
m-ﬁﬂlﬂilﬂﬂ!ﬂ'ﬂ.lupﬂ om i 4
ﬁnﬁﬁu“mmﬂﬂhqﬂﬂm-ﬁ-

Vi = 0) by more than 15V and that the difference berween the
mhmmmmm.ﬂu&nﬂm4ﬁ!.}

10. 0.1Hz w 10H: Mﬂm?ﬂ*mkmu
&cmmm e ovserved dusing 2
d!mlﬂ“pﬁﬂﬁﬁﬁmwd&

ure B,

ORDERING CUIDE

Temperatnre Paciage
Model Reape hewcriptise Oiption’
AD3Z1ID» 0r'C o +70°C 14-Fin Coramic DIF |D-14
ADANIED 0°C 10 +70°C 14-Fim Covnnic DIP|D-14
ADSILD °C w +10'C 14-Fin Cermmic DIP|D-14
ADS2SD =55°C to +129°C| 14-Pin Cermmic DIP|D-14
ADSZISDVEE3E* | —55°C 1 + 125°C 14-Fon Ceraesic DIP|D-14
ADS21J Chips [0Cw +70C  |Die
ADS2IE Chips |[0°Cw +70°C  |Dic
ADS21S Chipe  [-55°C s +129°C | Die
NOTES

'For outlies mbarmation sor Package Informasson soction.
“Somnberd iy dowsring svilsbis.




AD321

DESICN PRINCIMLE

Figure 1 is a simplified schematic of the ADS21. A differential
mput voltage, Vny. sppesrs scrom R cowsing an imbalance in
the currents through Gy llﬂih.ﬁllf"mﬂc-mm
ifﬂwhhh“ﬁmﬁumﬂm
and Qy are conserained to be oqual by their biasing {caomemt
mirvor). These conditions can only be setisfied if the differen-
tial vatuage across Ry (and hence the owtput voltage of the
AD321) is oqual 1 Al X Rg. The feadback smplifier, Apy

Ve "o .
B e
By gl
s B N
b ‘ " al *‘*
A -~ =T

AF=5
wap| M ®=

F o~

Cvemy e, |
— |

s -

Figure 1. Simpitfisd ADE2T Sohwmetic

AFPLICATION NOTES FOR THE ADS21

Thes: notes ensune the AD52) will achieve the high level of

ﬁmmhqmmm

1. ﬂiubdnwlmmﬁzdbrm&ﬂhmh[
resistors as shown @ Figare 2 {the resistor, Rg booween
pinllﬂmlllﬂimﬂdmuinlmtl!l.lu ewtd
sate 3). For best reslts, the input voltage should be re-
stricted o £10V even though the gain may be bes than 1.
Set Figure & for guins abowe 1000,

2. Provide a return padh to ground for mper bins eurvenrs, The
ADs21 iuniuu'umcmﬁnnmﬂit':r.mmﬂh
amplifier. When using » thermocouple or other “floating™
sounce, this return pach may be provided drectly to groond
or indirectly throngh a resistor 10 ground from pins 1 and/
or 3, us shown in Figure 3. If the retum path i not pro-
vided, bizs cuments will couse the output 1o samrese, The
nh:-nhi"uiuwmrhdnu-inulhydiﬁdil‘me

i Mmm&ﬁnfwﬂ:“i
ﬂﬁﬂhhbﬁﬂmﬂhmuﬁuuﬁﬁm

1. The resistors berween pins m-ntlu.{lm]ulapﬂ
100L2£15% (Figure 2). If Rgcar v is 100 how (below 85kl
the autpat swing of the AD521 is reduced. At vaiues below
B80k1] and above 120£02 the mability of the ADS21 may be
impaired, 2

4. Do wot exceed the allowable input signal mage. The fine.
srity of the ADS21 decreases if the inputs ave driven withia
% volus of the spply mils, particalarly when the device is
Mu:'hk-i-l.rnnuﬂﬁhm.lm
wasr the inpat sigeal throngh & resistive divider network mnd
uﬁlﬂﬂl.nhn‘iﬂ.-hhﬂhtﬁ:m
tor 1/2 masches the impodence doon by both ADS21 ja-
puts so that the voltage offset consed by bins cumessy wil
be minimized.

5 hﬁ:mph{phl]ndﬁe#a-

pﬂllﬁu&ﬂtuhﬂtqﬂuimﬂdhm:

i 3 it cosoial cabiey

oan 'm-ﬂmﬁuqm

hrcg;hl esbles display capacitance in the vicinity of 30pF

P
mu&mmﬁhﬁm:lwﬁcm“ﬁ-
cation =1 lestrased by Pigure 5. In coses of Igh
Hmuwm“uw
s follows.

1. Reduce $5041 mo 2451

1. Redwce 33081 o 7.50

3. Incresse 1000pF vo 0. 1uF

4. Sex Cx to 1000pF if no compensition wes ociginlly

msed. Ovherwise, do not slver the ariginal valwe.

mu}mmmﬁwmw' np 1o
3000pF, but fimits the slew rare 2o epproximasdy .16V

6. Mhﬁﬁwmhﬁew
wtion Amplifier's cutper smplifier cosed-inop bandwidth
ﬂhmﬂuﬂﬁw?—mﬂemﬂiﬂtlﬂ
stiesmation. Therefore, it is advimblc 10 decouple the V-
supply fine 10 the owtput common or t pin 11}

Figure 2. Opersting Connections for ADE2T

lhmmmu*ummm-h:;f‘
Growoding, and Making Things Go Right for & Chenge.”
mu-.m-.pmhfu-a-n;mn-hl“‘”
without charge upon rogwes.




AD521

T mmﬂ.“l._..
2 e e

Figure 4. Oparsting Conditlons for VgV =710V

(i, in ki, Cx in puF)
Flure 5. Optiorsd Compersation Clrouk

ampiifier, it is often convenient to refer these emorn to the
inputs. This enables the user to calcnlare the maximmm error
he wonld see ar the output with any gain of cincwit configurs-
tiow. An op @mp with 1mV of inpwt offset robage, for
mqﬂ:,wﬂdpmﬁnul?nid’huulhnq-:inuph
of 1000 configumdon.

hmuﬂum-ﬁ.mhpﬁi
controlied in the smplifier, it is more comvenient to separaie
SITOLS inT0 two cxvcgorics. Those exrors which simply add 1o
the owtput signal and are unaffecocd by the gain can be classi-
fied 34 owtput axrors. Those which act us if they are sssocizrd
with the input signal, sech that their effect at the outpat is
proportionsl to the gain, can be clessified 25 input evrors.

As an dlusridon, & Typical ADSZ1 mighe have 2 + 30V ourput
offsct and & -0.7mV input offses. It 2 unity gain configaration,
the total output offser would be +29.3mV or the sum of the
Two. Al a geim of 100, the ourput offsct would be 40m¥ or:
MY + 10-0.TmV) = -40mV.

By separating these errors, one can evaluste the tomal eror
independens of the guin petvings nsed, similer to the stostion
ﬂﬁmﬂmmﬂanhiiﬂn
ﬁ%“mmhmﬂhﬂmﬁulm
ertor referved te the inpat (R.T.L) or owrpmt (R.T.0.) by the
Tollowing frormuls.

Toral Ervor R.T.1. = imput ayor + {outpat emor/gain)

Total Enor RT.0. = (Gain ¥ imput emor) + output error

The offsct wrim adjustment (pins 4 and 8, Figure Z) is smoci-
ated primarily with the cotput offser. At amy guin it can be
wed to itrodwes an ostpwe offset equal and opposite to the
input offsct voltage muitiplisd by the gein. As & remle, thy
ozl putpet offect can be reduced 0o zevo.

As shown in Figure §, the gein rnge on the ADS2 can be
cxnendod comsiderably by sdding sn arresmator in the s=nee
serminml feedback path (a5 well &3 adjesting the ratio, Ng/Rg ).
Since the sease terminal is the inverving input ro the output
umplifier, the additional gain ro the outpst iz controlied by
Ry and Ry. This guin factor is | + Ro/R, .

T S

Figurs & Cirewlt for wtilising some of the unhpus fasturss of the

ADEZ1. Nots thet gein chenges introdvesd by clwnging A7 and

2 il v 0 mbninnun affest o cutoue aeee I e offest o

carsfodlly ruliisd ot the biphest gede setting.




¥here offsrt errors are eritical, s resistor equsl to the pursllel
combinstion of Ry sad Ry should be placed berween pin 11
and Vagy. Thismininizes the offset errors resuliing from the
input current flowing in R; and F; ax the sense terminal Nov= C
thet gain dianges infroduced by changing the R MRy Arienes-
ror will heve & mininmom effect on ourpat offset if the offse
in carcfully nulled ot the highest gain sctting.
|L=

When » predesermined ontpat offser is desired, Vpy can be

M_h-ﬁuﬁﬁ;hli.ﬂinﬁqhm-dﬁp!:dh

‘:l::- O = Figure 7. Ground loop elininestion, The reference input, Pin 11,
il nishots: Arlevencing of groomd poweoisl Differences i
ground posisi sre mttengted by vhe hgh CHRA of ore
ADE2T.

Rl T o
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Fipure 8. Tasr cireuit for massuring peskc fo pesk polsr in e
dunahwide’s & THz to 704z, Tiypke! rmessrements sre found by
rasdiriy tha sl pielk B0 pealt coltage noder of the device
el Sear (044 7.} for 3 obesrvetion periods of 110 sconds dacf,




TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

5LOS0ME - OCTOBER 1907 — REVISED ALIGUST 1554
E = h By B IR s gy

® Trimmed Offset Voltage: 0. )G, P, OR PW PACKAGE
TLC277 .. . 500 uV Max at 25°C, (TOP VIEW)
Vpp=5YV y
® Input Offset Voltage Drift . .. Typically Tt ™ ellVo
0.1 uWiMonth, Including the First 30 Days 1IN+ E n a oo
® Wide Range of Supply Voltages Over GND ] 4 5 M ame
Specified Temperature Range:
FCtoT70C...3VI016Y RIS
~40°Cto 85°C ... 4Vio 16V
~55°C to 125°C ... 4 Vio 16V e
® Single-Supply Operation O % v8o
¢ Common-Mode Input Voltage Range 22EL9
Extends Below the Megative Rall (C-Suffix, 32 1 7018
I-Suffix types) MG [] 4 1e[] NC
® Low Noise. .. Typically 25 nvivHz at 1IN-]5 17[} 20Ur
F=1kHz NC 8 160} NG
® Qutput Voltage Range includes Negative 1??:; . 1t} 2=
Rail B 14[] NC
D 40 41 12 13

® High Input impedance . .. 10720 Typ

LRLrE
® ESD-Profection Circuitry <5 £
# Small-Outline Pac Option Alsg ) i
Available in Tape ::ﬁm e
® Designed-in Latch-Up Immunity DISTRIBUTION OF TLC277
INPUT OFFSET YOLTAGE
description 0 T T T T T
4T3 Units Tested From 2 Waler Lots
The TLC272 and TLC277 precision dual Vpp =5V
operational amplifiers combine a wide range of 25 |~Ta=25°C
input offset voltage grades with low offset voitage . e el
difi, high inputimpedance, low noise, and speeds =
approaching that of generalpurpose BIFET £
davicas, ;
These devices use Taxas instrumenis siicon-gate B b
LinCMOS™ technology, which provides offsel ;- r =
vollage stability far exceeding the stability g 10
evailable with conventional metal-gate pro- _[- L
Cesses, . rI -I
The extremely high input impedance, Jow bias il
currerts, and high slew rates make thase cost- I_l'
effective devices ideal for applications which have o
previously been reserved for BIFET and NFET Rl WL T
products. Four offset voltage grades are available

(C-suffix and |-suffix types), ranging from the

low-cost TLC272 (10 mV) to the high-precision TLC277 (500 uV). These advanlages, in combination with good
common-mode rejection and supply voltage rejection, make these devices a good cholce for new
state-of-the-arl designs as well as for upgrading existing designs.

LinCMOE 15 a rademark of Taxas Instrimments

SEETERE B,
INSTRUMENTS

POSET OFFICE BOX A3S501) & DALLAS TENAS 75205 1

Copryright & 1884, Tevas Instrurmends Incorporated




TLC272, TLC272A, TLC272B, TLC272Y, TLCZT7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSHNME — OCTOEER 1987 — REVISED AUGUST 1854
= s S = e

AVAILABLE OPTIONS
PACNAGED DEVICES —
™ Vigmax SMall CHIP CERAMIC | PLASTIC — FORM
AT2%C | ouTuNE | cArmiEr oIP oP by o
(o} {FK) [4G) {F}
500 uV | TLC2TTCD = = TLCZT7CP = =
Zmv | TLC272860 - — TLC27280P = -
i s smv |TLe2r2aco = _ TLG2724CP e i
10mv | TLCZTRCD = = TiczracP | Ticzracew | TLczizy
500 uv | TLC2T7ID = — TLczine = ==
i ) 2mv | TLGZTZRID = o5 TCarpP A —
~CRIC | v [T — s TLCZT2AI = =
10mv | TLCZIAD = = TLCZ72IP - -
o125 | S00WV |TLC2TIMD  [TiC2TIMIK [TLCZ7M0G | TLczrTmp = =
= 10mv | Tcz7eMp | ncoravek [icoramoe | Tuesrome = —

The D packags i svallable laped and rosied. Add R sulfix to the devics type (2.., TLGZTTCDR).

description {continued)

In general, many features associated with bipolar technology are available on LInCMOS™ operational amplifiers
without the power penalties of bipolar lechnology. General applications such as transducer interfacing, analog
calculations, amplifier blocks, active filters, and signal buffering are easily designed with the TLC272 and
TLC277. The devices also exhibil low voltage single-supply operation, raking them ideally suited for remota
and inaccessible battery-powered applications. The common-mode inpul voltage range includes the negativa
rail.

A wide range of packaging oplions is avaiable, including small-oulline and chip carrer versions for high-density
syslem applications.

The device inputs and oulputs are designed to withstand —100-mA surge curents without sustaining latch-up.
The TLCZ72and TLCZTT incorporate intamal ES D-profection circuits that prevent functional failures at voltages

ug lo 2000 V as tested under MIL-STD-883C, Method 3015.2: howewver, care should be exercised in hand| g
these devices as exposure to ESD may result in the degradation of the device parametric performance.

The C-suffix devices are charactarized for operation from 0°C to 70°C.. The |-suffix devices are characterized
for operafion from —40°C 1o B5°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C.

@ TEXAS
INSTRUMENTS

2 POEST OFFICE BOX 655300 ® DALLAS, TEXAS 75755




h TLC272, TLC272A, TLC272B, TLC272Y, TLC2T7
LinCMOS™ PRECISION DUAL GPERATIONAL AMPLIFIERS

== —— SLOSHME — oBEnR s
B DC'T- 1087 HE.WSEDMTTEH

equivalent schematic (each ampilifiar)

|

TLC272Y chip information

This chip, when properly assembled, displays charactaristics similar to the TLC272C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mountad with conductive
epoxy or a gold-sillcon preform.

x Voo
{3) @
1IN+ + {4} ’
m M
M- —
m 71 & Hu+
20UT
L
L] )
GHND

CHIF THICKMESS: 15 TYPICAL
BOMMMNG PADS: 4 « 4 MINSWLM
Tpmax =150°C

TOLERANCES ARE +10%.

ALL DIMEMSIONS ARE N MILS.

- 3 ¥ PIN (4} IS INTERNALLY GCONNECTED
|'!'I'I‘I'|'I*I"I'I'|'I'!'I'I'i']‘}'!'l'i‘l'i'lf["|’!‘I'F'J'I'I‘['If|'|fl' T BACKSIDE OF CHIR.

IIJI|I||FI!I|||'|.1:||||||l|||||!|nr||1||F|]:I|F|i||=|’1l||||||||

-

POGT OF FRUE 80K BE55303 ® DALLAS, TEXAS TSPBS a




TLC272, TLC272A, TLC272B, TLC272Y, YLC2T7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

BLOS0915 — OCTOBER 1987 - REVISED ALIGLIST 155

m— — Sae =S
absolute maximum ratings over operating free-air temperature range (unless otherwise nated)t

Supply voltage, Vpp (see Note 1) ..., T R R e .18y
Differential input voltage. Vi (see Note 2) ... .. [ 11 71T tVop
Input voltage range, Vy (any input) . ................_ .. TR =03V o Vpp
Input current, Iy ... ... R e 5 mA
OUIDUL CUMBAL, 165 (BIEN OUIBIAY ... oo s s ST m e o e 30 mA
L i ke . TS I 45 mA
YRR CUmAOL DULGEGND. 2o 0 i oo ey s e s o e e b i i 45 mA
Duration of short-circult current at (or below) 25°C (seaMote 3) ...._........................ urdimited
Confinuous lotal dissipation ... ....... ... . See Dissipation Rating Table
Operating free-air temperature, TR GBI coviimimini i i D e . 0*Cto 70°C

Eouffie . ............. R L i —40°C to 85°C

WESIIRK: cooop v v remsmn s s S R =55°C in 125°C
Storage temperature range .. _......_........ A T ) T R R =E65°C o 150°C
Case temperature for 80 seconds: FK package .. ................ e R S 260°C
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: D, P or PWpackage ........ .. .. 260°C
Lead temperature 1,6 mm {116 inch) from case for 60 seconds: JG package .................... 3000

3. The outpie may U shored 1o sither supply. Temparathire andior supply veltages must be limited to enswe lhat the maxinum
dizsipation rating |s not evcssded (s=e application section),

DNSSIPATION RATING TABLE
PACKAGE Ta s 26°C DERATING FACTOR Ta = T0°C Ta =85C Ta =125C
POWER RATING  ABOVE To=25C  POWER RATING POWER RATING POWER RATING

o 725 mwW 5HmWG 454 my ITT Wrd,

FE 1375 mW 11 WG B0 MWy 715 mW 275 mw

JE 1050 mivy f.4 mWrc BFZ mvw B4R W 2O miw
P 1000 miy B.0 mWrL 640 mW 520 W Muth,

P 525 my A2 mWreC 336 mw A TEN

recommended operating conditions

C BUFFIX 1 SUFFN(

:

MIN - WAX | WIN mMAX | wom max] T
Supply voltage, Vop 3 16 4 18 4 | v
P vie Vpp =5V -02 as| —o2 a8 6 as J
il VDD = 10V -02 85| -02 85 0 BS
Cperating free-alr bemperature, Ta o  To| -4 85| -55 28] -

@ TEXAS
INSTRUMENTS

4 mmmmsinm,rﬁnﬁ.ﬁm




TLC272, TLC272A, TLC2728B, TLCZT2Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

= — e LOS01E = DCTORER 1987 — REVISED AUGUST 1984
elactrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)
TLCIT2C, TLCITZAC,
PARAMETER TEST CONDITIONS Tal TLC2T28E, TLEATE |y
WIN TYF max
V=14V, Vic =0, 25°C 11 10
et Rg=5ﬂﬂ. Rﬁ 10Kt | Fudl range 2]
Vo=14V Vs =00, 254C 0.9 5
TR Rg =50 H1E= 10 K62 | Full range 6.5
Vig Inpat effaat voliage
Ticzizag | VO =14V, Vic=0, 250 230 000
Rg=50& Ry = 10 kit | Full range 3600 v
Vo=14 =0, 2500 M0 500
TG Hg =50 1L :ﬁ 10k | Full range 1500
Ovip  Temperature cosfficlent of Input offset vollage oy 18 PG
i Input offset currant (ses Note 4) V=248V, Vic=25V =t o
oo ¥ 30
kg Inpast blas curent (see Mote 4) Yo=215Y, Vic=258Yv £ i pA
i 40 600
-02 -p3
5T o to v
i Commnan-maode input voltages range 4 4.2
(sen Motz ) -0z
Full range 1] v
35
25C 3z 38
Vo Highdeved output volteoe Vip = 100 m\y, Ry =10k} o 3 3.8 v
TG 3 3B
25°C 0 &0
VoL  Lowslevel output vakage Vi = -100 mv, oL =0 oC 0 so| mv
(L 0 50
25C 5 3
Ayp  Large-signal differential volage amplification | v =025V 2. Ry = 10 i o 4 27 Vil
70er 4 20
2590 85 80
CMRAR  Common-mode rejection miio Vi = Vi pmin oC B0 84 a8
T &0 B
_ 250 5 95
kSVR imwm“m Vpp=5Vie 10V, Vg=14v | 00 0 o4 P
70 £ 06
25C 14 32
ips  Supply current {two armplifers) :E;;E v G=aV, oc 18 36| ma
o C 12 28
t Full range & 0°C 1 TORC.
NOTES: 4. The typical values of inpur bias ciment and INpi offset cumant below 5 pi wsns determined methematicady,
5. This range alzo appies o each Inpul incdvichuaity,
“ = — s e e T S N TR
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

ELOSDEIE —-DC'TDBEH_TEIG? ~REVISED ALIGLST 1954

electrical characteristics at specified free-air temparature, Vpp = 10 V (unless otherwise noted)

TLC272C. TLCITRAC,
PARAMETER TEST CONDITIONS TaT | TLCZTZBC, TLGZTTC | ypry
L] P MAX
Vo= 14Y Vie=0, 25-C 1 10
iy Rg=ﬁﬂﬂ- Rf! 02 | Fujf range 12
TorTac |Yo=14v, Vic =0, 25°C 0.8 3 m
Rg =504 R = 0k | Figl raangs 6.5
Vo Input offzat voltage
TLCITIRE Vo=14Y, Vi =0, 20 290 2000
Rg =501 R = 10k | Fu) range 2000 v
Toarre  |Yo=1av Yic = 0. e 250 aoo]
Fg =504 R = 10k2 | Fuil mnge 1900
Oyip  Tamperahure coeflicient of input offset voltags gt 2 e
iy Input offsed current (see Note 4) Vo5, Vi =5V L0 4 P
oG 7 300
; 50 07
s Input bias current {see Mot £) Vo=5W, Vi =5V o s
12 =03
25 to I v
Viop  Common-mods nput voltage range 8 B2
[see Note 5) -2
Full range o v
b5
250 8 RS
Vo High-level output voltage Vi = 100 my, Ry = T0kQ oC 78 &S v
705C T8 84
2500 0 50
VoL Lowlevel oulput voltage ) Vip = —100 my, oL =0 e o s50) my
7T 0 50
250 10 T8
D Large-signal differentisl voltage amplification  [Va=1VIo8Y, R =10k oC 75 4z wmv
70C 5 32
25C 65 @5
CMRR  Commonmods miection ratia Vic =Vicgmin [ GO B3 a8
o 60 B3
25 65 B8
kgyr - UPPly-votage rejection ratio VOD=5VR10V, Vo=14v [ 0C B0 o4 an
(VDo AVie)
TG 60 95
250 1.8 4
oo Supply current (two ampiifers) vm.?;is W Yic =5V, [ 23 44] ma
G 18 34

T Full rangs s 0°C to 70°C.
NOTES:, 4. melralwlmsdhmbmum!ammmﬂm!mﬁmmdﬁmmmﬂtmﬁ;
5. This range sigo appdes o each input mdividually.
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TLC272, TLC27?
LinCMOS™ PRECISION DU

2R, TLC2728B, TLC2Z72Y, TLC2TT
AL OPERATIONAL AMPLIFIERS

SLOGOSTE - OCTOBER 19687 - REVISED AUGLIST 1904
electrical characteristics at spacified fres-air temperature, Vpp = 5 V (unless otherwise nated)

TLCITA, TLCITZAL
PARAMETER TEST CONDITIONS TAT TLGCZT26L TLCZTTT | ymrr
MIN TYPF MAX
Vo =14Y, Vic=0, 25°C 1.1 10
TLE27a 0 i
Rg=500, Ry = 1042 | Fyli range al
Vo =14V, Vie =0, 5C 08 5
TLCZ72A
Rg = 5043, R =10 kD | Full range 7
iy Input offast voltage
Vo=14V, Vic=0, 250 230 2000
TLC2728)
RAg =501 Ry = 10k | Full mange 2500 i
7 Vo=14Yy, e =0, 257 200 so0] "
TLC2 Rg = 5041, Ry =10k} Full ranga 2000
1Y T Tmm&madfmhn{dinwmw ZEB;E;' 18 pviEC
i Inpit offset nt (o Mote 4 Vo=25VY, Vic=25V Ll gl
=248V, =P
o ] 9 w 85°C 24 15| ™
i Input blas ciwranl (see Mole 4 V=23V, 2.5W o L
= =
e pud se U (¢] g Vi et 200 =1 M
-a2 03
25°C i} o v
.,_, Common-mods input voltage range % A3
IGR  tse6 Note 5) By
Furll ranpe to W
3.5
25C 3.2 3.8
Voe  Highdevel owtput voltage Vip = 100 mV, R =10k | —aprC 3 a8 v
B5GC 38
25°C n 50
VoL Low-level oufpid voltage Vin = -100 mv, L =0 =40 0 s mv
a5C i 50
2570 5 1
A Large-sigral diferentis viltage amplficrion Vo=1Vi6Y, RL= 10k 40T 15 = Vimiy
i i5 19
250 B85 80
CMRR  Common-mode refection mbo Vic = Viepmin -4 B0 B1 o8
B5-C 50 B
_ 265G 55 95
kgym - upPly-miage rejaction it VOO =5V 10V, Vg=14V | —40¢ | 80 2 aa
(AYDDiAVO)
85'C a0 96
N " & 25°C 1.4 32
=gy = !
DD Supply curent {wo smpfiersh o b vic —40cC 18 44| mA
B5C 11 2d
1 Fullrange is —40°C 10 85°C.
MOTES! 4. The iypleal values of inpul lias cument and input offsel cLerent belew 5 ph. wers datesrnined mathemnatically,
5. This range alao appies o each input individualy.
= 22 e
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TLC272, TLC272A, TLC272B, TLC272Y, TLC2TT
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSIRTE — OCTORER 1887 ~ REVISED AUGLIST 1004

— = s BES e i
electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted)
TLC2721, TLCZT2AL,
PARAMETER TEST CONDITIONS Tal TLCITZBLTLEZN | ynrr
MM TYP MAX
Y= 144 Vi =0, 2510 11 10
TLEZT2
Rg = 50 4% R = 10K | Full range 13
= 25°C o e
e [T Wa =
Vio Ak Ry = Full range T
TLcorem |Vo=14W Vig =0, p 0 980 2000
Rg = 5013, RL=10k2 | Full mnge 2500 o
= B
TLEZTH V=14V, Vi =0, 2C 250  BOO
Rz =500 R =104l | Fudl range 2900
Gy  Temperstre coefficiant of inpar offtsst voltage 2:;:[?: 2 pyeg
o Inpuat offset curment {(ses hote 4) : Vo=sy Vic=5V e i i
B&2C 2 1000
257C 0.7
ha Inpurt bl corrent {see Mote 4) Vo=5Y =5y
(s} vic P = ool ™
-Da -0.3
257G [i1] to v
Vicg  COMMOn-mode inpirt valtage range 8 9z
R {ze= Note 5) -2
Full mngs L] W
8.5
250 B a.5
Vo Highdewsl autpat voltaga Wip = 100 mY, R =10k2 | —a0C 74 8.5 W
BEC T8 b
25°C 0 50
Vol Lowlevel outpid wiltage Vi = =100 mY, oy =0 ~4{FC o 501 ov
RS 1] 50
m30 10 38
Myp  Lerge-sighal differental vollage ampiification Yo=1Vvioavy f =10l | —40°C 7 48 Vim\
BSHC T 3
257 a5 &5
CMRR  Commormmoda miection ratio Vi = Vicgimin 407 &0 :r dB
BS'C 50 Ag
: ; 254 &5 BS
mply-volkege mlechon ratic " =
ksvR (AVpoiavial Vop =5V 10V, Vo=14V | -400C a0 &« a8
a5c &0 96
Vos=5V Vic=5W R L% 2
DD Supply curent (hwo smplifiers) b s o T T} 51 ma
85°C 15 32

T Full range is ~40°C I B5°C,
NOTES: 4, nnmlwammmmmmmmwmsmmmmmm
5. Thiz range also applies to sach Input Individualhy.
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TLC272, TLC272A,

TLC272B, TLC272Y, TLC277

LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS
SLOS06TE - DCTORER 1907 — REVISED ALGLST L]
eSS Sl s s e m
electrical charactaristics at specified free-air temperature, Vpp = 5V (unless otherwise noted)
TLGITIM, TLGCZITM
FARAMETER TEST COMDITIONS Tal T o] UNT
V=14V, Vi = 25C 1.1 10
——— ﬂg'-’ﬂﬂ- “F* 1?1'“1 Full renga ] ™
Vip  Input offisat voltage
TLearm | Yo= 14V, Vic=0, 250 200 500 o
Rg = 501 By = 102 | Fu FERTIC) 3750
i wm&mmmmm 215;‘5,:‘? 21 e
25 0.1 Pl
) InpLr offset curment (2ee Note 4) Vo=25v Vi =25V e o T
Y Inpist bias current {aee Mots 4) Vo=25V Vic =25V 1$ U‘: = x
EE]
250 iv] 4] v
Vier  Common-mode Input voliage range 4 42
[sEe Maote 5) 0
Full range 4] v
as
25¢C 32 as
YioH High-tevel output voltage Wip = 100 my, Ry =40 k> -5 3 38 v
125°C 3 38
25 0 50
VoL Liow-lavel outpul votege Vi = — 100 mV, gy =0 =550 [¥] 50 my
125G D 50
25C 5
AD Lacge-signal differsntial voltage amplifcation |V =025VioZv R =10k0 | —55C as 3% Vi
125°C 35 18
25 85 BO
CMRR  Comman-mode rajection rafo Ve = VicRmin —R&C &0  B1 o8
125°C B0 B4
25%C B 95
kgyp  uPPIy-vollage refection ratio Voo=5Vi 10V, Vo=14v | s B0 60 a8
(AVpp AV o)
12540 B0 87
257 14 352
DD Supply cumrent (two ampiifiers) :E';;!' h Vie=28Y, g 2 sl ma
125+ 1 22

1 Full range s - 55°C 1o 1257C.
NOTES: 4. Tha typlcal values of inpel blas curmant and mput

3. This renge also applies i sach inpol Irscfvicualhy.

]
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TLC272, TLC272A, TLC272B, TLC272Y, TLC2T7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSDETE -~ OCTOBER 1867 = REVISED AUGUST 1994

electrical characteristics at specified free-air temperature, Vpp = 10 V (uniess otherwise noted)

TLCITZM, TLCTTTH
PARAMETER TEST CONDITIONS Tat - ] T
TLcorom | VO 14V Vig=a. =T 1wl
Vig  Inputoffset voltage :g - ?‘;‘: Eﬂ =t';il 2 Fm;:;ge - E;:
TLCZTTM d : -
Rg = 504) RL=10ki2 | Fulirangs 00
ks W ot onss e 22 e
25'C 09 pA
ho Irput offset current (see Mote 4) V=3V, Vie=5V Z=e | T
i\ Inpet bise current {see Nofe 4) Vo=5V, Vic=5V 1;’2 (:_; = ::
a -03
25T [14] i v
Vigr  Commonmode inpit voltage rarge 9 82
{s=e Note 5) .
Full ranga ] W
BS
25-C B 8.5
VoH  High-level output voltage Vip = 100 mi, Ry = 10 ki2 ) 78 85 ¥
125 73 a4
2595 0 50
VoL Lowar-bavnl ot vt Vg = - 100 miv, Iy =0 —BEC 0 0 mv
1250 1} 50
Larpe =i 25°C 10 38
Ayp “puﬁ;:;l‘dll'mnﬁal'm Vo=1Vie 6y, Ry =10 pat2 —BE( T 50 .
125°C 7 brd
iy 85 i =3 P
CMER  Comman-mode rejection ritia Vit = VicRmin T r = @
125C &1 BB
ppty-vollage rejaction 25°C 65 05
ksvR f:"fmfwm: et VDD ROV IDY, Vo=14W ~85°C a0 a0 o8
125°C B0 97
257C 18 4
oo Supply cument {twa amplifiers) ""m?;:ﬂ""- Vig=5y, o - =
125C 1.3 2a

T Full range ia —55°C 10 125°C.
NOTES: 4. Thuwmlmudhmmmmmmwmsmmmmmm
5. This range siso apples to each nput ndividusty.
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TLC272, TLC272A, TLC2728B, TLC272Y, TLC2ZTT
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSOS1E — OCTOBER 15887 - REVISED ALGLIST 1904
e e ey

electrical characteristics, Vpp = 5 V, T = 25°C {unless otherwise noted)

TLC2TZY
PARAMETER TEST CONDITIONS. N T : Ui
Vg =14V, Vig=0,
Vig Inpast offsed voltage Rg = 5061 R, = 10 k1 1.1 Y v
Oyig  Temperature coeflicent of Input offsét volage 1.8 VG
Iy Input offast cievent {see Note 4) Yo=25V Vig=25V 0.1 A
T Input blas cuvent (see Note ) V=25V Vig=25V 0.6 [T
-02 -03
VicR  Common-mode input voltage mange (see Note 5) I bex v
4 42
Vo High-level output voltage Vg = 100 m\, Ry = 10 kst 32 38 v
Vo Low-level oulpit woltnge Vip =—100 mVv, Iy =0 0 50
Myp Large-signal diffsrential vollage amplification Vo=025Vm2yY R =10Kk2 5 73 WS
CMRR  Common-mode repction mitlo YiC = VicRmin 65 &0 o8
kSVR __ Supply-voltage rajection ratia {AVipD /AVG) VDD=5VID 10V, V=14V 85 o5 )
DD Suppiy urent (o smplifers) ‘oo VG =25V, 14 32| ma
NOTES: 4. The typical vahss of Input b current and input offset corrent bebow 5 pé, were determined mathematicaty
5. This range aiso spplies 1o each It incinvhchuacdby.
elactrical characteristics, Vpp = 10 V, Ty = 25°C {unless otherwise noted)
TLCITRY
PARAMETER TEST CONDITIONS T Y UMIT
Va=14Vv, Vie=0,
Vio Input off=et voltage Rg =500 Ry =10 kD 1.1 0] mv
Oyin  Temperature coefficlent of inpat affset voltage 1.8 T
o Inpunt offset current (soa Nots 4) Vo=5\W, Vig =8V o1 P&
& Inpue bias cument {2es Mota 4) Vo=5W Vig =5V .7 oA
—02 =03
Vicrn  Common-mode inpud vollage range (see hote 5) e o v
] 82
Vo High-level output voltage ViD= 100 m, RL = 10 kil B BE v
Vol Lovelsvel autput waltage Vip =—100 m¥, oL =0 0o 500 mv
Ay Large-signal differential vattage empiification Vo=1Vma§V. R = 10 k2 10 38 Whmy
CMARR  Common-moda mfection ratio Vi = Vijcpmin BS BS a8
ksyr  Supply-vollame refection ratio {AVpR/avin) Vpp =5V 10V, Va=14v BS o8 dB
Vo=5W, Vie=5Y
Ipp  Supply clarent {two ampkiiars) hgmsd ic 1.9 4| ma
MNOTES: 4. mwmmmdhnnmmwmmmmmsmmmmmw
3. Thig range Hlzo applies to asech inpart indhvidualy
e =i oo s e e T s i ]
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TLC272, TLC272A, TLC2728, TLC272Y, TLC2T7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOGMIE = OCTOBER 10887 - REVISED AUGUST 1004
e e e A S e

— — — e T ———er
operating characteristics at specified free-air temperature, Vpp=5V

TLCZTZC, TLCZTZAG,
PARAMETER TEST CONDITIONS Ta | TLCIT2BC. TLE2TIC | iy
MIN TYP MAX
25°C 36
Vipp=1V [1g 4
AL =10k, 0°C 3
SR Slenw rate at undty galn Gy =20 pF, Wi
See Figurs 1 28°C 49
Vipp=25V o 2.1
70°0 25
Vn  Equivalent input noise vaiage ;:;::H ; Re=200. | e 25 VI
25°C 320
: Vo=Von. G =20pF,
Boypg  Maximum oulpL-sing bandwidth RL=10K2, See Figuo 1 o'c 340 kHz
70°C 280
25°C 1.7
Bi  Unity-gain bandwidh ‘;L:;_“““"-s CL=20pr, 0°C 2 M
! 700G 1.3
Uy =10 my I=By S .
1= 10mV, = By.
4m  Phase margin CL=20pF, SeeFigwes | OC Ar
ToC 43
ting characteristics at speci free-air temperature, Vo = 10V
DD
TLC2TIC, TLCITIAL,
PARAMETER TEET CONDITIONS Ta TLC2728C, TLCZTTC | wniT
MM  TYP MAX
250 53
Yipp=1V = 5.9
R =100 70°C 4.3
5R Slerwr rate &l Unity gain ) =20 pF Vius
See Fiqure 1 25C 4.5
Vipp =55V oc 51
70°G 3.8
=1 = 20
Vo Equivalent input nolss volisge 5’;9:[:'“2 Rs=200. | .5p 25 WHFE
256G 20
; Vo=Von  Cp=20pF
Boaq  Msxmum output-swing handwdth RL=10M) SeaF 1 oG 20 kHz
g 70°C 140
25°C 22
81 Unity-gain bancwidth 3= LmEIOR oC 7.5 Wiz
TG 18
; in 75 ag
= A0 m =B,
B Phasa margin CL=20pF, SeaFigumi [ 5o
oG 46
_ —— - tallap “
$TEJ{AS
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TLC272, TLC272A, TLC2728B, TLC272Y, TLC2T7

operating characteristics at specified free-air temperature, Vpp =5V

PRECISION DUAL OPERATIONAL AMPLIFIERS

HLEIEDQ-IB—DEIDBER 1867 = REVISED ALIGUST 1654
B e

, TLC2721, TLCZT2A,
PARAMETER TEST CONDITIONS Ta TLC2T280, TLCZTA | yury
MIN  TYP MAX
25C a5
Vipp=1V —40°C 45
SR Siow rate M Unlty gain 5 = 20pF, e : Viua
Seq Figura 1 250 2.9
Vipp=25Y | —40°C a5
as"C 23
Va  Equivalent input noise voltage S5, e, TeEA 257 25 i
G 855 25°0 320
0 = YOu. =20 pF,
Brwma MaxImLm utput-swing bandwicdth RL=10kQ See 4 —40°C 380 (]
y BS'C 250
250G 1.7
By Unity-gain handwicth oA, “‘“3 Q=200 M oe 28 MHz
85°; 13
Vi=i0my, 1 == -~
= my, = H
P TR o e ~
BS'C 43
operating characteristics at specified free-air temperature, Voo = 10V
TLCITE, TLCITZAL
PARAMETER TEST CONDITIONS Ta TLE2728, TLE2TN | uparr
MIN TYP MAX
257 53
Vipp=1Vy =-40°C 8.8
RL = ||:| m.. m ‘
s8R Shirar rate at unity gain Cy = 70 pF. Vs
Soe Figure 1 5c 4.8
Vipp = G5V | -d40°C 58
8590 a5
Vn  Equivalont input noise voliage Ly “Nereon 25°¢ 25 WHE
25'C 200
Bon  Masimum sulput-swing bandwidth :tl-:r::ﬂ:m glm = :rl:nt'lF.1 T 260 Wiz
¥ 85°C 130
25 22
Bi  Unity-gain bandwidth E i “‘“3 CL=200F oot EX) MHz
. BEAC 1.7
Vi=1my, =8 = £
=40 m f = 4
ém  Phasemargin "::_ 220pF  Sesbiowed | —9C 5
asec 45"
e w— o =

Q TEXAS
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TLC272, TLC272A, TLC2728B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOGHNE - CCTOBER 19687 = REVISED AUGUST 1954
et =rry iy L

operating characteristics at specified free-air temperature, Vpp =5V

TLCH 20, TLCITTH
PARAMETER TEST i
el Ta N e max| SN
25°C a8
Vipp=1¥ =557 4.7
Ry = 10kG -
SR Slewrate atinity gain =20 pF, L. 43 Vi
Soa Figure 1 25 29
Vipp=25Y | —s&¢C a7
125°C 2
Vn  Equivalent Ingit holse voliage . PamAa 25°C 25 o =
25°C 320
Bom  Maximum output-swing bandwidt Yo=Vom. CL=20pF e 400 kHz
Ry =106k} Swee Figues 1
126°C 230
25 1.7
B Unity-gain bandwidth Vi=10mV, G =20pF = 28 Mz
Sem Figurs 3
1250C 14
0 my f=8 5 o
Vi =10my, =8y,
#m Phase margin CL=20pF, SeaF 4 5540 48
12540 41+
operating characteristics at specified free-air temperature, Vpp =10V
TLC27T2M, TLC27TTM
PARAMETER TEST CONITIONS Ta e
2573 53
Vipp=1V¥ -850 T
B =10k 125°C 31
SR Shew rate at unity gain Gy =20 pF, T
See Figum 1 20 4.6
Vipp =55V | -55°C 81
12570 27
faq ke Rg =204
Vi Equivalent inpit nolse voltage Sis Flians 250 25 nwi<Hz
250 200
Vio=Von, CL=20pF -
By  Mesdmum output-swing trandwidth RL=10kD SsaFs i 55-C 230 Hz
7 12500 10
25°¢ 23
By Unity-gain bandwidih :l; ;“ ‘“""*3 CL=20pF g 34 Mz
: 125°C 18
Vi=10mV =B ek =2
= m r = '|r
m FPhase mangn C =20 pF. Sae Figure 3 —55C b
125°C 44~

‘@ TeExas
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) TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS A = OCTOBER 137 - REVISED ALGLIST 139:

operating characteristics, Vpp =5V, Ta = 25°C

TLLITYY
PARAMETER TEST COMDNTIONS F‘-‘vﬁi-'-——-w--'—-—lllu LINIT
; Ry =10k Cp=20pF [Vipp=1V e
R Slew rabs ot L
iy pein See Figurs 1 Vipp =25V 28 ¥ps
Vg  Ecuivalent input noise valiage T=1kHz,  Rg=200, SeeFigue? 25 s |
Vo=Von CL=20pF, Ry =10ka
Bopa  Basimum oupul-swing bandwidth oo Fi 1 320 kHz
Ay Linity-gain hancwidth Vi=10my © =20pE, SesEigue3 I MH:
Vi=10md, I=B4, C =20 pF,
O Fhase margin Soe Figum 3 48"
operating characteristics, Vpp = 10 V, Ty = 25°C
TLEZTIY
R =10k  C =a0pF (Mpp=1V 5.3
SR Shew rata at I -
unity ga Ses Figure 1 Vipp = 5.5V 48 e
Vi Equbvalent inpul rofse voltags =1KHz, R =206  SesFigwa? 5 nWiHz
Yo = VoM, Cy=20pF.  Rp= 10k
Brwy  Maximum output-swing bandwidth phadihe o 200 (SR
B4 Uinity-gain bandwidth Vi=10mV, G =20pF, SonFigwn3l 2.2 MHz
Vi=10mh, 1=8q Cy = 20pF.
4m Phasa margin Spe Fique 3 400
T T oSl ]
J@ TEXAS
INSTRUMENTS
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS5™ PRECISION DUAL OPERATIONAL AMPLIFIERS

&l 0SB - OCTOHEER 19687 « REVISED ALIGUST 1534

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Bacausa the TLC272 and TLC2TT are oplimized for single-supply operation, circuit configurations usad for the
various tests often present some Inconvenience since the input signal, In many cases, must be offset from
ground. This inconvenience can be avoided by testing the device with spill supplies and the oulpul nad ed 1o
the negative rall. A comparison of single-supply versus split-supply test circults is shown below. The use of either
circuit gives the same resull.

CL Ry L

¥po-
{a) SINGLE SUPPLY (b} SPLIT SUPPLY

Figure 1. Unity-Gain Amplifier

2k 2 ki3

'H'm W
w0 g

172 V¥on {:_ Yo — ¥o
&

-+
2014 ]
wi jo
= = Yoo-
{a) SIMGLE SUPPLY {b} SPLIT SUPPLY
Figure 2. Noise-Test Circuit
10 ki 10 k0

mmi Voo 10002
v - ¥ — e

Vo
1Vpg ———*
T

VoD -
[a) BINGLE SUPPLY {b) BPLIT SUPPLY
Figure 3. Gain-o£-100 Inverting Amplifier
‘@ TeEXAS
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. TLC272, TLC2T2A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSHTE -~ OCTORER 1987 ~ REVISED ALNGLEST 1994

PARAMETER MEASUREMENT INFORMATION

input bias current

Beacausa of the high input impedancs of the TLCZ72 and TLCZTT operational smplifiers. atlempls to measura
the input bias curment can result in erroneous readings. The bias current at normal reom ambient temperatura
is typically less than 1 pA, a value that s easily exceeded by leakages on the test sockel. Two suggestions are
offered bo avoid amoneous measurements:

1. lzolate tha device from cther potential leakage sources. Use a grounded shield around and between the
device inpuis (see Figure 4). Leakagas that would olherwisa flow 1o the inputs are shunited away.

2. Compensate for the leakage of the test socket by actually performing an inpul bias cumrent est (using
a picoammeter) with no device in the test socket. The actual input bias curment can then be calculated
by subtracting the open-socket leakage readings from the readings obiained with a devica in tha test
socket.

COne word of caution: many automalic testers as well as some bench-tap operational amplifier testers usa the
sanm-loop tachnique with a resistor in series with the device input to measure the Input bias current (the vollage
drop across the sedes resistor is measured and the bias current is calculaled). This methed requires that a
device be inserled into the lest socket 1o obiain a comect reading; therefore, an open-sockel reading is not

feasible using this mathod.
8 3
unﬂﬁ

ofolole

1

Figure 4. Isolation Metal Around Device Inputs
{/G and P packages)

VaVe

fow-level output voltage

To obtain low-supply-voltage operalion, some compromise wasnecessary in the input stage. This compromise
results in the device low-level output being dependent on both the commen-maxde input vollage level as wall
as the differential input voltage level. When attempting to comelate low-level output readings with those quoted
in tha electrical specifications, these two conditions should be observad. If conditions other than thesé are 1o
ba uzed, please refar to Figures 14 through 19 in the Typical Charactanistics of this data sheel.

input offsat voltage temperature coefficient

Eronecus readings often result from attempts to measure temperature cosfficient of inpul offset voltage. This
parameter is actually a calculation using inpul offsel voltage measurements obtained at two different
temperatures. When one {or both) of the lemperatures is below freezing, moisture can collecton both the device
and the test socket. This moisture results in leakage and contact resistance, which can causa emmoneous input
offset voltage readings. The isclation tachniques previously mentioned have no effect on the leakage sincea the
moigture slso covers the isolation metal isalf, thereby rendering i useless. It is suggesled that lhese
measurements be performed at temperatures above freazing bo Mininize emor.
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PARAMETER MEASUREMENT INFORMATION

full-power response

Full-power rezponse, the frequency above which the operational amplifier sfew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
generally measured by monitaring the distortion level of the output while incraasing the frequency of 8 sinusoidail
Inpul signal until the maximum frequency i found above which the output contains significant distortion. The
full-peak response s defined as the maxdmum oulput frequency, without regard to distortion, above which ful
paak-to-peak culput swing cannot be maintained.

Because there is no industry-wide accapled value for significant distorion, the full-peak response iz spacified

in this data sheset and is measured using tha circuit of Figura 1. The initial setup involves the use of a sinusoidal

input to determine the maximum peak-to-peak output of the device (the amplilude of the sinusoidal wave Is

increased until clipping ocours). The sinusoidal wave s then replaced with a square wave of the same

amplitude. Thefrequency is then increased until the maximum peak-fo-peak cutput can na longer be maintained

(Figure 5). A square wave is used o allow a more accurate determination of the pomnt at which the maximum
paak-lo-paak cutput is reached.

/S L JL A a

{a) =1 kHz (b} Boygg > 7> 1 ke chf=Bowm (@1 »Bom
Figure 5. Full-Power-Response Output Signal

test ime

Inadequate tast time & a frequent problem, espedcially when testing CMOS devices in a high-volume,
short-test-time environment. Intemal capacitances are inherently higher in CMOS than in bipolar and BiIFET
devices and require longer test imes than their bipotar and BiFET counterparts. The prablam becomes more
pronounced with reduced supply levels and lower temperatures.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLG2T2 DISTRIBUTION OF TLCZT?
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TYPICAL CHARACTERISTICST
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Figure 10 Figure 11
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Voo = Supply Voltage - ¥ Tp, — Free-Alr Tempernture — *C
Figure 12 Figure 13

T Dasta &t high end low mpastuies e appiicable ondy within Dha rated opecating free-air tempersture ranges of the varous devices.

FORT OFTICE BOX ES5310 & DALLAS, TEXAR TEBE 21




TLC272, TLC272A, TLC272B, TLC272Y, TLC2T7
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOSMG1E - CCTOBER 1887 — REVISED ALMGLIST 198
O

TYPICAL CHARACTERISTICS?
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL DUTPUT VOLTAGE
Ve
COMMON-MODE INPUT VOLTAGE cmumr! :HPUT VOLTAGE
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Figure 18 Figure 17

T Datar &t high and low temperahores are applicable only within the rated opesating free-sir temperatire ranges of the wicus devices.
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TYPICAL CHARAC
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TERISTICST
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Figura 21

T Derta at high and low tem peretures e applicable onky within e ried operating free-aic ferperatung moges of the varous devices,
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TYPICAL CHARACTERISTICST
COMMON-MODE
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T Diata at high and low temparatuees ara applicatre only wilhin the rated operating ree-alr tempersturs ranges of the varous devices.
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TYPICAL CHARACTERISTICST
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T Data at high and low temperatums ane appficable ondy wilhin the rated operating free-alr lemperature mnges of the varous devices,
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TYPICAL CHARACTERISTICST
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLEFICATION AND PHABE SHIFT
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T D at high and low bemperatures ane sppdcabla only within the reted operating free-air lemperstuns ranges of the vadals daviess
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TYPICAL CHARACTERISTICST
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T Data at high and kow tempetatires s apgicable ondy within the rated operating fres-air temperature renges. of the variows devices.
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

single-supply operation

While the TLC272 and TLC277 perform well using dual power supplies (also called balanced or spiit supplies),
the design is oplimized for single-supply operation. This design includes an inpul common-mode voltage ranga
that encompasses ground as wall as an output voltage range that pulls down to ground. The supply vollage
range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly available for
TTL and HOMOS: however, for maximum dynamic range, 16-V single-supply operation is recommendad.

Many single-supply applications reguire that a voltage be applied 10 one input fo estatlish a refersnce level that
i above ground. A resistive voltage divider is usually sufficient to establish Ihis reference level (see Figure 38).
The low input bias currant of the TLC272and TLC277 permits the use of very large resistive values lo implement
tha voltage divider, thus minimizing power consumption.
The TLC272 and TLC277 work well in conjunciion with digital logic; however, when powering both linear devices
and digital logic from the same power supply, the following precautions are recommencded:
1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of notse-induced errors. Single capacitive
decoupling is often adequate; however, high-frequency applicalions may require RG decotpling.

Voo
] Rd
Ri
" ] N
1 B m
. >~l— Vo Veer = Voo g
J: =1
VREF—1 Rd
Vo = Wree -V Bt oy
JFH ]:Eun:F (1] REF ~ "V R2 REF

| | 1 = :
o Logle Loglc Logie T Bupply
I 1 — .
(a) COMMON SUPPLY RALS
[ 1 1 ! “l .
» L Gl el T g
| I e

{b) SEPARATE BYPASSED SUPPLY RALS (preferred)
Figure 38. Comman vs Separate Supply Rails

@ Texas
INSTRUMENTS

POET OFFICE BOX 855300 ® DALLAS, TEXAR F55E 2




TLC272, TLC272A, TLC272B, TLC272Y, TLC2TT
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS0918 ~ DCTCEER 1887 - REVISED AUGLIST 1994

APPLICATION INFORMATION

input characteristics

The TLC2T72 and TLC27T are specified with a minimum and a maximum input voltage that, if axcoeded at either
input, could cause the device to malfunction, Exceeding this specified range is a common problem, especiatly
in single-supply operation. Note that the lower range limit indudes the negative rail, while the upper range limit
is specified at Vpp - 1 V al Ty = 25°C and st Vpp - 1.5 V at afl other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLC272 and TLC277 very
good input offset voltage drifi characleristics relative to conventional metal-gaia processes. Offset voltage drift
in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus
dopant implantad in the oxide. Placing the phosphorus dopant in a conductor (such as a polysiicon gate)
afleviates the polarization problem, thus reducing threshold voltage shifts by more than an order of miagnitude.
The offset voltage drift with time has been cafculated to be typically 0.1 pVimonth, including the first month of
aperation,

Because of the exiremely high inpul impedance and resuliing low bias current requiremants, the TLG272 and
TLC277 are well suited for low-level signal processing; however, leakage currents on printed-circuit boards and
sockels can easily excesd bias current requirements and cause a degradation in device performance. [ is good
practice to include guard rings around inputs (similar fo those of Figure 4 in the Parameter Measurement
Information section). These guards should be driven from a low-impedance sourca at the same voltage leval
as the common-mode input (sea Figure 40).

Unused amphfiers should be connected as grounded unity-gain followsrs to avoid possible osciltation.

noisa performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
diflerential amplifier. The low input bias current requirements of the TLC272 and TLC27T result in a very low
noisa curent, which is insignificant in maost applications. This feature makes the devices especially favorable
over bipolar devices when using values of circuil impedanca greater than 50 k(). ginoe hipolar devices exhibil
greater noise curments.

I SR

() HOMINVERTING AMELIFIER (b} IMVERTING AMPLIFIER {c) UMITY-GAIN AMPLIFIER

Figure 40. Guard-Ring Schemes

output characteristics

The output stage of tha TLC272 and TLC277 is designed to sink and sourca relatively high amounis of current
(see typical characteristics). If the output is subjected 1o a short-circuit condition, this high curment capability can
cause device damage under certain conditions. Oulput current capability increases with supply voltage.

All operating characleristics of the TLC272 and TLC277 are measured using a 20-pF ioad. The devices can
drive higher capacitive lnads; however, as output load capacitance increases, the resultng response pole
oceurs at lower frequencies, thereby causing ringing, pesking, or even ascillation (see Figure 41). In many
cases, adding & small amount of resistance in series with the load capacitance alleviates the problam,
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APPLICATION INFORMATION

output characteristics {continued)

(a] G = 20 pF, iy = NG LOAD (b} G =130 pF, Ry = NO LOAD
Ta = 2%C
vo [=1kHz
Vpp=1V
] - CL
-25v
(e} CL = 150 pF, RL = MO LOAD {c) TEST GIRCUIT

Figure 41. Effect of Capacitive Loads and Test Circuit

Although the TLC272 and TLCZ77 possess excallent high-level output voltage and current capability, mathods
for boasting this capability are available, if needed. The simplesi method involves the usa of a pediup resistor
(Rp) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages ta the
use of this circuit. Firsl, the NMOS pulidown transisior N4 (see equivalent schemalic) must sink a comparatively
large amount of cumrent. In this circuit, N4 behaves like a linear resistor with an on resistance between
approximately 60 Q and 180 0, depanding on how hard the operational amplifier input is driven, With very low
values of Rp, a vollage ofisel from 0 V al the oulput oceurs. Second, pullup resisior Rp acts as a dvain load to
N4 and the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying the
output current.
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AFPPLICATION INFORMATION

output characteristics {continued)

¥o

Rp = Yop-Yo

e eip

Ip = Pullup currant requirsd by
tha aperational ampifier - =
(typleally 500 uA)

Figure 42, Resistive Pullup to Increase Vg Figure 43. Compensation for Input Capacitance

feedback

Operational amplifier circuits almost always employ feedback, and since feedback is the first prerequisite for
oscillation, some caution is appropriate. Most oscillation problems resull from driving capacitive loads
{discussad previously) and ignoring stray input capacitanca. A smail-value capacitor connecled in paraflel with
the faedback resistor is an effective remeady (see Figure 43} The value of this capacitor is optimized ampirically.

electrostatic discharge protection

The TLCZ72 and TLC2TT incorporate an internal electrostatic discharge (ESD) protection circuit that prevents
functional fallures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as expasure to ESD may result in the degradation of the
davice paramelric perfformance. The protection circuit also causes the input bias curents lo be temperature
dependent and have the charactaristics of a reverse-biased dioda.

Iatch-up

Because CMOS devices are susceptible to latch-up due to thekir inherent parasitic thyristors, the TLC272 and
TLC2TT inputs and outputs wera designed o withstand —100-mA surge currents without sustaining lateh-upn;
however, techniques should be used to reduce the chance of latch-up whenever possible. Intemal protection
diodes should not, by design, be forward biased. Applied inpul and output voltage should nol exceed the supply
voltage by more than 300 mV. Care should be axercised when using capacitive coupiing on pulse generators.
Supply transients should be shunied by the uss of decoupling capacitors (0.1 pF lypical) ocated across the
stpply ralls 85 clase to tha davice as possible.

The current path established i latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the cutput or inputs that exceed the supply
voltage. Once latch-up accurs, the current flow s limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the devics, The chance of
latch-up occuring increases wilh increasing temparaiune and supply voltages.
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APPLICATION INFORMATION

bk
BO1EpF 0.8 pF
_._l —_H—Jr
5v
10 kL)
v
—  Low Pazs
High Paxs
5 k2
‘[W, Fui Band Pass
h R = 5 ki2(Fd-1) {see Nots A)

MNOTE A: d = demping factor, 110
Figure 44, State-Variable Filter
2v

¥

(

Figure 45. Positive-Poak Delector
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e e Ce—
APPLICATION INFORMATION
047 pF
#
TIP3
15142
Tigfa3
Yo
{see Note B)
47 kil
W B
I 1400
NOTES: A V=35t 15V
B Vp=2V.0w1A
Figure 46. Logic-Array Power Supply
oy Yo {sse Note A)
10 kia ay
. 177 T k2
A
10 ki * L Y0 (see Not: B)
a 100 kit N
b —— AN =_1_|R1
3] fo 4C{R2) [R:]
NOTES: A ‘h"ﬂ{pp] =AY
B. ‘h"Dgpp} =4y
Figura 47. Single-Supply Function Generator
———)
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APPLICATION INFORMATION

YWy —

¥+

-8V
NOTE B: CMRR adjisstmeant must be monindpcethas,

Figure 48. Low-Power Instrumentation Amplifier

Yo
10 M 18 ML}
V| =it l iy
ki =
540 pF
- f _ 1
R/Z = HOTCH 2R
5 M

Figure 43. Single-Supply Twin-T Notch Filter
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& National Semiconductor

General Description

The ADCGOS01, ADCHE02, ADCOBO3, ADCOE04 Bnd
ADCHA0S ara CMOS B-bit successhve approdmation AD
convertars thed wse & diferential  potentiometro
ladder—simitar o the 256 products. Thess converters are
designad o afdow operation wilh the NSEAM and INSROE0A
dartvative control bus with TRI-STATE oulpal latches direclly
driving the data bes. Thase AMDs appear ke memory foca-
Bons or O ports to the microprocessor and no interfacing
logic & neadad.

Diffarantial  enalog wvoltege inpuis allow  Increasing The
COmmHMode rejection and offsetting the analog zem input
woltage value. In addition, the vollage referencs inpul can be
adjusted to abow ancoding any smailer analog voltage span
to the full B bitz of resolution,

Features

& Compalible with 8080 P dervatives—no intarfacing
e needed - acceas fime - 136 ns

B Easy inteffaca to al micmywmneassors, of operates “stand
abonia”

ADC0801/ADC0802/ADC0803/ADC0804/ADC0305
8-Bit uP Compatible A/D Converters

Movambar 1000

m Differantisl anslog voltage inputs

= Logic inputs and citpats moet both MOS a0d TTL

voltage lavel spacificatons

Worke with 2.5V [LM338) vollage reference

On-chip clock ganoralor

® 0V 1o 5v analog input voliage range with single 5y
By

® Mo zero adjust requined

® (13" standard widlh 20-pin DIP package

m 20-pin molded chip camier or small culfine package

B Operales ratiomatrically or with 5 V., 2.5 Voo, ar
ahalog span edwusted vollage eference

Key Specifications
B Resoiilron
B Tokal emor
® Comversion timo

B bils
T 1LESR, 2% 15 and £1 LS8
100 ps

Connection Diagram

i
.

L =
[T i
Yyt h
¥~}
A £ty
Ver 2=
oo —]

o A m ke R WD

ADCOROX
Dua-tin-Line and Small Outine [S0) Packages

B-l FOp= ¥ [ Worr)

AR=CNR

L] o TLE ]
ITE=ngt

T =D
15 =083
1 f=iigq
13—
12 =008
E =0

Ordering Information

TEMP RANGE 0'CTO 0'C 8'C TO 70°C —40°C TO +85'C
114 Bit Adjusted I ADCOBLCN
ERROR 414 Bil Unadjusted ADCOS02LCWM ADCOBOZLCN
444 Bil Adjussted ADCOAIALCH
1181t Unadjusted ADCOBIALCWM ADCOB04ALCN ADCORDSLCNADCOR04LC,
B PACKAGE OUTLINE M20B — Small N20A— Mokded DIP
Outfing

LT B pegsnd rademark of Zhg Coip.

& 2000 Madional Sermiconducior Conporedion CEn05a71

werner alinn sl corem

sispeAuc) (/Y ejqpedwo) d4rl 31g-8 $0800AV/P0802AY/C0800QV/Z08000V/1L0800AY




ADCOB01/ADCO802/ADCOBOI/ADCOB04/ADCDBOS

Typical Applications
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BOBD Interface
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PATS
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Error Specification ﬂnclud;; ;'ull-s-mle. ~
y Zero Error, and Non-Linearity)
Part Full- Yies2=2500 Ve | Vigef2=Mo Connection
Mumber Scala {No Adjustments) (No Adjustments)
Adjusted
ADCOS0Y | £ LS8
ADCOB02 14 3B
ADCOBDY | 4558
ADCOE04 £1 156
ADCOBDS 11 LS8

il natiomal crm




Absolute Maximum Ratings (notes 1. 2y

Iif Military/Aerospace specified devices are required,
plenss contact the National Semiconducior Sales Office/
Distribisineg for svailability and specHications.

Supply Voliage (Ve (Mole 3)
Vollage
Logic Conlrol Inpuds
Al Other Inpul and Oulputs
Lead Tamp, (Soldering. 10 seconds)
Drual-tn-Line Packaoe (plastic)
Cuel-in-Line Package (ceramic)
Burface Mount Package
Vaper Phasa (B0 seconds)

Irfrarad (15 spoonds) 2M°C
Storage Temperaiure Range -85 C to +1607C
Prckage Dissipation st T,=25'C 875 mwW
ESD Susceptibllty (Mote 101 00w
— Operating Ratings puotee 1, 2
-0.3V 1o +18Y Temperstura Range Taarne=T a5 T nin
=03 fo (Vi H0.3V) ADCOB04LCY =40 CsT,54B5°C
ADCOROIMZNINELCHN —A0CT =+085°C
810 ADCOBO4LCH D'C<T,2+70°C
G ADCOE2N04LCWh DC=T,=+10°C
Ranga of V__ 45V, o B3V,
2150

Electrical Characteristics
The folowing specifications apply for Yoo =5 Voo, Tuimt Tas Tuas @00 foy =840 kHz unlass clherwise specified.

Parameter Conditions Min Typ Max Units
ADCO801, Totedl Adjusted Eror {Note 8) With Full-Soale Adj. % 18R
{See Section 2.5.2)
ADCOS02: Total Unadjusted Emor (Mot 6} Vel 252,500 Ve v LsA
ADCOB03: Total Adjusted Ermor (Mota B) With Fuil-Scala Adj. 114 158
(Sae Seclion 2.5.2)
ALCOBM: Total Unadiusted Emor (Mol B) Veepl2=Z2 8500 Ve 1 LEE
ADCOB05: Total Unad|usted Emor (Mole 8) WMo Conneclion +1 LSB
V2 Input Reslstanca {Pin 9} ADGOEE1N20305 25 50 K0
ADCTA0 (Mote 3) Drs 1.1 kid
Anslog Input Voltage Range (Mote 4) Vi+) or Vi=) Gri—0,05 Wt 005 [T
OG Common-Moda Emror COwar Analog Inpul Valtage 1718 % LSE
Ranga
Power Supply Senstivily Ven=8 Ve T10% Ovar 118 4 LS8
Atlenwred W\ (+) and V) (=)
Voltage Range (Nota 4)
AC Electrical Characteristics
The following specifications apply for Ve =5 Ve 800 TS Ta T, Unless clhanamse spacified.
Symbol Paramaier Conditions Min Typ Max Linke
T: GCanversion Time ey =540 kHz (Mol 6) 103 114 ys
Te Conversion Time [Motes 5, &) 66 T3 [T
fevw Clock Frecpmency V=8, (MNolke 5) 100 840 1480 kHz
Clock Duty Cycle 40 B{ %

CR Conversion Rate In Free-Runaing TNTR tied lo WR wilh BT70 8708 | convis
Mode 5 =0 Voo fope=640 kHz

Ry Width of WR Input (Star Pulse Width) TS =0 Voo (Nola 7) 100 ns

b Access Tima (Deday from Falling C =100 pF 135 200 ns
Edge of BT to Outpot Dats Vasid)

| FPIPS A TRESTATE Contred {Delay C=10 pF, Ry=10k 125 200 ne
from Rising Edgs of RD lo {Sea TRI-STATE Tast
HFZ State) Cireaite)

b Iy Delay from Falling Edga 300 450 ns
of WR or RD 1o Reset of INTR

G InpLt Capaciznos of Logio 5 7.5 B
Corrod Inputs

b | weandr nataral oom
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ADC0601/ADCOBDZ/ADCOB03/ADCO804/ADCOB05

AC Electrical Characteristics (continueq)
The following specifications apply for U.:,_-_T§ VYoo and ToapsTasT wax unless otherwise specified,

Syoibet __Parameter Conditions Min | Typ | Max | Units

o TRI-STATE Output 5 75 oF
Capacitance {Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is tha input of a Schimill Irigger circuil and |s therefore specifiad saparataly]

Vige (1) Logical “1” Input Voltage Vre=6.25 Ve 2.0 15 Voo
{Except Pin 4 CLE IN)

Wi {0} Logical “0" Input Yoltage Won =4 75V 0.A Vo
{Excapl Pin 4 CLK IN)

b () Logical *1” Input Current V=5 Ve 0.005 1 o
(Al Inputs}

T 10 Logical 0™ Inpul Current Vim0 Ve -1 |-o00s Ao
{All Irpus)

CLOCK IN AND CLOCK R

Yo+ GLKE N {Pin €} Positive Going 27 i | 35 Voo
Thrashold Vollage

V- CLK IM (Pin 4) Megalive 1.5 18 24 Ve
Golng Threshold Vollage

Vi CLK IM {Pin 4) Hysteresis 06 13 20 Ve
(M)

Worr (0) Legical 0" CLK R Output 1,=360 pA 0.4 Voo
Valtage V=475 Vo

Vs (1) Logical "1" CLK R Cuput lo==360 pa 24 Vre
Valtage Voo2d 75 Vs

DATA QUTPUTS AND INTR

W {0} Logital 07 Qutpul Vollage
Data Outputs lour=18 mA, V24 76 Ve 04 Vo
INTR Outpu lour=1.0 mh, Ve =4 76 Vo a4 Vee

Waur (1) Logical "1™ Ouipul Voltage ly==380 ph, W =4.75 W 24 Voo

Voo (1) Logical "1° Qutput Violtage lo=—10 pA, V=4 78\ _ 45 Voo

[ TRI-STATE Disabled Outpat V=0 Ve =3 T
Leakaga (All Data Buffers) V=8 Ve 3 1Y

becimie B Vogr Short to Gnd, T,=26C | 45 8 Mhoe

Lo Voo Shor to Vo T,=25°C o0 16 M-

POWER SUPPLY

b Supply Current {inciudas Foe =640 kH2,
Laddar Cumrent) Vaep2=NC, T =35C

and G5 =5V

ADCORMNZIONS] CH0S 1.1 1.8 mé
ADCDRNAE CRILCWR 1.0 25 A,

Meots 1= Abmobuis Mackmum Ratngs indicals Bmits bayvond which damage o the device may ocow. DC and AT elecirical specsications do rot apply whan cparsting
e dewioe bayond its speced opeialing Covditione.

Mota T ANl voltages ars meativad with retpect 1o God unless oiberwss specified. The separsis A Gnd point should ahuays be wirsd 1o the O Gad.

Wode 31 A pener Qiode eokes, inbemadly, from Yop 1o God and has & typica’ breadd men woifags of T Vg,

Maode & For gyl 1 Vpy*) the dgital outpit coce wit e 0000 0000 Teo on-chip diodes 3ra ted 10 aach Anefog gt (e ook dizgeam} which il forvand oot
for anptog mput vokages oo 0ga drop Delow QoUTH oF cre dinde deop gremter Mad de Vo aupply. Be careful, curing esting 21 ow Voe levels (450, ag high
bl amalog mputs (8V) can cavsa this Inpul Bode o contuci—especially 2l slevated wrvemiures. and case emors for analog inpues naar hil-eeala The gad
liesars 50 W (prvesaed biewe of atlber dusda. This means thal oo iong as the anolog Vi @00 a0 ssceed Bee sUpply voPgs by meds [isn 50 mi, the outmol code will
tor gapel. o widriere om almohe O Ve i § Vipe niad woltngs mnge will [hecefors magidte 3 minimem suppdy wobags of 4 550 Voo oo Isfrgesmiune varisions,
nitinl iolerarce s lnoding,

Hole 5. Accwracy B guaranised sl fo e = 860 kb, AL higher cock frequencies accurmcy cam cag e, For ipwer clook Srequenches, the duly cycle imilE can be
exbanded o kong as the miimam clode high i mberdal or mineam cloec By Eme inkena) B no leas kan 275 e

Meode 6 With an peyncheonois Blail pules, ap Lo 8 dock gerieds muy be regquiest befoe: e inlerral dock phases @m proper i st e comersion pooegs, The
Stprt rqueest 16 intemally aiched, sa8 Flgure 4 and sechon 2.0
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AC Electrical Characteristics (coninuen

Mota 7: Tha TF inpt i asumed to brackal e TR slrobe input and Dl iming i depanaan on the WH pulss width, An arbitracily wide pu ks sidih will hoid
ﬂumnmnumﬂmhnrmmumarm_ﬂmnmudhhmuwhwmdmﬁﬁmm.'m&m'm_,mj.

Hots & Morg of dheme Adls roguiees. & pend adpust (e seckon 2.5.1). To oitaln 2880 oode ot other analng Ingud, vollages sna cectken 25 avd Fgure 7

Molm B: The Viee/Z pin i ffw conter point of & feospeesion drder conmecten I Voo 10 greand, In-all vemiom of e ADCIBNT, ADCOTTE . ADCHRGA, s
ADHD0T, pnd In Mie ADCOGMLLY, nach TESHSIN (8 hiscalty 16 KEL In o8 vertnnm of e ADCORDM socent tha ADCORLAL CJ. eatch reststor 1 dypoally 2.0 ki,
Melda 40: Human body moded, 100 o dischamged gl s 1.5 RO s

Typical Performance Characteristics
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ADC0801/ADC0B02/ADCOB0IADCO804/ADCOB0S5

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams (Al timing is measured fiom the 50% vollage poime)
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Timing Diagrams (ai timing is measured from the 50% voltage points) (Gontinued)
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ADCODB01/ADCO202/ADCOB03/ADCO804/ADCOBDS

Typical Applications (coninueq)
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Typical Applications (coninusd)

Direethy Converiing a Low-Level Sigrat
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ADC(801/ADC0802/ADCO303/ADCO604/ADCOB05

Typical Applications contnued

Digitizing a Current Flow
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Typical Applications (comtinusg

Sef-Clocking in Free-Running Mode
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ADCO0801/ADC0802/ADCOB03/ADCOB04/ADCO805

Typical Applications (continued

L B o

Handling £10V Analog inputs
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Typical Applications continued)

Handting £5V Analog Inpuis
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ADCO801/ADC0B02/ADC0803/ADCOB04/ADCOB0S

Typical Applications (continued)
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Typical Applications (continued)

MDecade Logatithiic AFD Converter

ABC D LM3IZAA
i i 3
-
F-.m-*-'-"rﬂ*"M-"__—_I-’.\/ a [

L]
e Rk ] A ¥kl Vialt
[T e ape b 3
'l
%
L

5
Biak Zmgan j‘i"

Holase Flkering tha Analag Input Muttiplaxing Differential Inpuis

FEfEFTEET

- TR g E |
il

CFFTEn -Td

fp=mHe *
Lizea G o

Iummimummulm sheapar roll-ofT unifty-gein, Ing omed
A 3 separale Mier for sech chamnel nc v ) Bnge
W an analog rmdbpleser is wwed

Ouiput Buffers. with AT Data Enabled Increasing Bus Drive andfor Reducing Time on Bus

+ B
= the
SO - X == ) "

;ail
. |

DT

“AT) output dns i epdatad 1 CLK pesiod prar s acsarntion of TR

Pl DGt A b s Al il wdge of TS

15 WA nalional S0

S0603QY0800QVIE0800aYIT0802A Y/ 10800AY




ADCOB01/ADCDB0Z/ADCO803/ADCOB04/ADCOB0S

Typical Applications (continued)

Sampling an AC input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A parfect AL rersfar charadterislic (slaircase wavaform) is
shown in Flgure 7. The horizomtal scale is analog inpd
vollage and the particular pointe labaled are in steps of 1
LSB {1853 mV with 2.5V tied to the Ve /2 pin). The digital
outpud codes that comespond o 1hese mputs ara shown as

L
e j; ‘
I E
ey S S0
Imﬂl -;-E
ESTHVSEET- NN

D=1, D, and D1 For tha parfect AD, not orly will
camler-value (A—1, A A+, . ) a;alog inputs produce
the comecl outpit digitsd codes, bul ako pach riger (the
fransitions between mdjpcent outprd codes) will be Ipcated
1145 LEE away from aach cantor-vaka, Az shown, the risas
ara weal and have no widih, Gormect digital culpid codes will
e provided for & range of snalng input voltages that extend

LIRS M ]
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Functional Description (coninued)

1 ¥ LS8 from lhe ideal cantervatiuas. Each tread {Lha rangs
of anatog input voltage that provides the same digital oltput
roda) is tharsiore 1 LB wide.

Figure 2 shows 8 woest case amor plol for the ADCO801, Al
center-valued inputs are guarsntesd 1o produce the oot
wiput codes and the adjacant risers are guaraniasd o bo
o choser 1o lhe center-value points than i LSE. In other
words, if wo apply an analog input equal o the canbar-va'ue
1% LS8, we guaranies that the AD will produce the correet
digilal code, The maximum mnge of the posilion of the coda
transiiion i indicated by the horizontal amow and # is gusr-
antesd b be no mom than 12 LS8

The armor curve of Figune 3 stows a worst case emor phol fos
the ADCISA2, Here we guaranies that if we apply an analeg
Input equal 1o the LSB analog voltage comter-value the A
will produce the cormeet digitsl eode,

Transfer Funclion
[

1

O I TiL O TPUT EORE
.
T

B
i
T

FIGURE 1. Clarifying the Error Specs of an AT Conmvarter
Accurzcy=10 L 58 A Perfect AD

Transhar Function

&

DIEVTAL QWTPIT CROOR

[ Sk B TR T |
huu—.rrw
FraT A

FIGURE 2. Clarifying the Error Specs of an A/D Converter
Accinacy=3% L5B

Newt lo aach transfer function fs shown the comasponding
eor plot. Marry people may be mane familiar with ermore plots
than transfer funclions. The analog Inpul vollage o the AD
is provided by either & linear ramg or by the discrete output
sleps of a high reselution DAC, Motice that the ermor is
comtinuoushy displayed and inclides the quantization uncer
Lxinty of the AD, For example [he emorat poin 1 of Figors 1
ia +1& L5B bacause 1ha digital cods appesred 4 LSE In
advancs of the center-value of the read. The emor plots
ahways have a constent negative slope and the abrupt up-
side steps are stways T LEE in magnitudea

Ermor Plot

i —

A-1 B &y
ARALDO T Dl

Error Plol

sy nathonal com

80802QYIP08000V/E080DAV/Z0S02AVLORODAY




ADCD801/ADCOB0Y/ADCOB0VADCOS04/ADCHS0S

Functional Description continues)

Tranafer Function
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FGURE 1. Clarifying the Error 3pecs of an AD Converder
Accuracy=1% LSE

2.0 FUNCTIONAL DESCRIPTION

The ADCOB0T sedes conlaing & cincuil equivalent of the
256 network. Amalog switches are sequenced by sucoes-
sive approximation logic to match the anstog diference input
wollage [V(+) = Viu{=}] Io a comesponding lap on the R
networc The most signficant bit is teelad first and after 8
comparsons (B4 chock oycles) & digital 8-bil binary code
{1811 1111 = full-scals) s trensforred to an output taich and
then an intemud s assedad (INTR makes a high-ln-how
transition). A conversion in process can be inlemupted by
igsUAng a second sarl command. The devies may be opar-
aled in the free-running mode by conmedling TR to the Y
inpid with CS =0. To ensure stat-up under all possible
corditiens, an extemal WR putse |s required during the first
DOAWET- LD Ty,

On tha high-louow ransificn of the WR Inpud the intemal
SAR latches and the shift reglster stages are eset As long
as tha CS Input and WR input remain low, the AD will remain
In & regel siate. Conversion wil siart from 1 o & clock
periods afler al lrasi one of thase inptils makes a low-fo-fitgh
fransition.

A functional diagram of the A/D converer is shown In Figure
4, Al of the packaga pinouts are shown and the malor logic
conirol paths are dran in heavier weighl fines,

The converter is started by having TF and WE simuita-
neously low. This sets the start Aip-fop (FIF) and tha mesil-
ing *1" lavel resels the B-bit shift register, ressts the Intemupt
(INTR} FiF and inputs a “1% to the D flop, FIF1, which is gt the
input end of the B-bit shift reglster. Inlermal clock Signats then
transfiar this *1° 1o the O oulpad of FF1. The AMD gals, G1,
conmibines this “17 oulput with & ciock signal to provide a reset
signal lo lhe slart F/F. I the et signal ks no longer presant
{either WR or G5 is @ "1 he starl FF is reset and the B-bit
shifl rogister then can have the 1" docked in, which startz
the conversion process. If the sel signal were to sfill ba
present, this resel pulse would have no effect {both oulputs
of the start FF would momentarily be at 2 “1° lavel} and tha
B-bit shift register would contie o be held In the meset
moda. This logic therstorm allows for wide T5 and WR
signats amd the cormenter will start afler & least one of these
signals ratuma high and the intemal cocks again provide a
resat signal for the start FF

18




Functional Description (continusg)
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FIGURE 4. Block Dizgram

After the ™17 is clocked through the 8-hit shift registar (which
compiotos tha SAR search) it appears as the Input o the
[xtypa falch, LATCGH 1, As soon as this “17 is oulput from the
shifl register, the AND gale, G2, causes the new digitad word
to bransfer to the TRESTATE outped [atchas, When LATCH 1
Is subsequantly enabled, the Q cutput makes a high-io-dow
frankifion which caoses the INTR F/F 1o st An invering
buffar then supplias the TTH input signal.

Mote that this SET control of the INTR FIF remains low for B
rf the aternal clock periods {as the internal docls nn al
of the frequency of the external clock). If the data culpul s
eonlinuousty snabled (E5 and R both hald low), the TR
outpt will st signal the end of conversion (by a high-to-low
Iransition), because the BET npul can conirol the O owput
of Ihe INTR FiF even though the RESET inpud |s conslanily
at @ *1" lavel in this operating mode. This INTR. outpul will
therafors etay low for the durstion of the SET signal, which is
& periods of the exlemal clock frequency (assurming the AT
iz not slarted durig this Intervall

Whan oporaling in the ree-running or cConinUOUE coOMAaRSion
mode (INTR pin fied 1o WE and €5 wired iow—ses also
saction 2.8), tha START FIF i SET by the high-to-low tran-
sition of the TNTR signsl. This resets the SHIFT REGISTER

which camaes ha inpot to the D-ype iatch, LATCH 1, to go
fow, As the latch enable inpul is stil present, the G outplr wil
o high, which then allows the TR FIF to be RESET. This
riduces Lhe width of the resulling T outpid pulse fo only
a few propagation delays (approximately 300 ns).

Whan data 12 In be read, the combination of both C8 and RD
beirg low will cause the INTR FF 1o be reset and the
TRI-STATE outpir [atchise will be enablad o provida Ihe B-bit
dllgital epts.

2.1 Digital Control Inputs

The digital control Inputs (58, D, and WR) mest siandard
TEL o voltage levals, Theso signals have been renamed
when comparad to the standard AT Start and Outpul Enabie
labals. In addillon, these inputs ace active low to allow an
easy interdsce lo micropmosssor comircd  bosses. For
non-microprocessor based apphications, te T3 ingul {pin 1)
can be grounded and the standard A/D Star function is
obtained by an active low pulse apphed at the W input {pin
3) and tha O Enabla funclion B csusad by an active low
pulse at the RD Input {pin 2}

11}
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ADCO0801/ADC0B0Z/ADCOBC3/ADCOS04/ADCOBDS

Functional Description (conimsd)

2.3 Analog Differential Voltage Inpiuls and
Common-Mode Rejection

This AD has additional aptlications flexibility due to the
analog differantial voliage input. The V) {-) inpul (pin 7} can
be usad o automatically subtract & fixed vollaga valus from
the inpil reading (tare corraction). This is aleo usalul in 4
mA=20 mA coment joop conwversion.  In o sddition,
common-mode notse can be reduced by vse of e diferan-
tind input.

Thee time interval betwean aampling Ve (+) and V() s 4-15
chock perods. The maximum eror voltage des to this stight
lima diffarence babwean tha input voltage samples is given
by

AVMAX) = Vi) (277cn) (%‘i )

whiara:

AV, i tha arror vollage due 1o sampling dalay

Ve iz the poak value of the common-moda voltages

T 18 the common-mode frequency
Ag dn axample, I keep this efmor o 12 LSO (-5 my) when
operating with & B8 Hz common-mods frequancy, 1, and
usinyg 8 640 kHz AD clock, oy .. would sllow a peak valus of
the common-mode waltage, Ve, which is given by

o = 18Vegann fci]
B T @ntem (4.5)

_ 5 x 10— (B40< 105

VP = 28 160) @ B]

which gives

YWo=1.04
The allowed range of analog inpul voltages Usualy places
mor sovors restriclions on Hpul common-modo. s oy
als

An analog nput voltage with & reduced span and 3 relatvady
large zerm offast can be handied easily by making e of the
dfferential input (gea section 2.4 Reference Volagae).

£.3 Analog Inputs
2.3 1 Inpud Curremnt

Mormel Mode

Due to the intermal swiching action, desplacement ourmants
wifl fhows al the anakog inpuds. This is due bo on-chip stray
tapaciance (o ground ae ghown in Figure 5.

e b T e e T |

*a

Ty OF 3W 1 aand S 2 = 8 0]
T=tow Crrray = SR 12 pk = 60w

FIGURE 5. Ansfog fnput Impedance

The vottage on this capaclance i switched and will result in
currents antaring tha Vi{+) input pin and leaving the Ved-)
input which will depend on the analog differential input voli-
age levels. These curend transients occur al the leading
edge of the infemal docks, They rapkdly decay and do not
cavse emorE as the on-chip compargion iz strobed at tha ena
of lhe clock period.

Faul Mode

i the voltage source applied o the WV, [4) or VJi-} pin
axcesds e aflowsd opersling range of Voo t50 mV, large
input currents can fiow through a parasitic diode to the V.
pin. i thase currents can excesd the 1 mA max alowed
spec, an external diode (1NS14) should be added o bypass
this curment o the Vo pin {with the currant bypassaed with
this dinde, the voltege ol the V(+) pin can exceed the Ve
woltage by tha forward voltage of this dioda).

232 lnpui Bypass Capaciiors

Bypess capaciiors al the inputs will average these chamges
and causs a DG current i fiow through the outpul resis-
tances of the analng signal sourcas. This chage pumping
action is worse fir conlinuens conversions with the Vg, (+)
input vottage ol full-scale. For conlinuous comversions with a
640 kHZ clock frequency with the Vi d+) input at &Y, this DC
current iz of o mondmum of approcdimately 5 pA. Tharefora,
bypass capacions should nof be weed at the analog inputs or
e V@ pin for high reststance sources (> 1 ki), if mpul
bypass capaciors ane necessary e nnise fenng and high
FOUNCE Tesislance is desiratde 1o mrnimioe capacitor size, the
defrimental effects of the volfiage drop acmes this nput
resislance, which is doe o the avermge vaiue of tha inpul
current, can ba sliminated with a fullscale adjmstment while
the given source resisior and input bypass capacior ame
both i place. This is possible becausa the average value of
the mput Cument & a precise inear function of the differential
Inpet vollage.

2.3.3 Input Source Resistance

Lange values of source resislance where an inpud bypess
capector is not used, will not cause efrors a5 tha inpud
curments satts oud prior io the compariaon tme. If a fow pess
fiter & mequined in the systom, see a low valued sades
rensestot {5 1 ki) for @ passive R seclion or 2dd an op amp
R active kw pass filter, For low solrcs resistance applics-
tions, (= 1 W2, a 0.7 yF bypass capaciior 8l e inputs will
prervent noise pickup dus o senes load inductanca of & long

WvELTERBONAL M




Functional Description (continued)

wire. A 10010} seres resistor ean be used lo Isolals this
cAapacitor—both the R and C sre ploced outside the feed-
back iop— from the outpal of an op amp, if wsed.

2.3.4 Noise

Tha lepds to the analog Inputs (pins 6 and 7) should be kept
a2 sharf a2 podsible to minimize input nolse coupling, Both
nioiae and undesired digial cock coupling to these inpets
can cause gystem amors. The source resistance for these
inputs shauld, in ganersal, ba kepl below 5 kO Larger values
of source resiflance can cause undesired syslem nolse
pickup. Inpul bypass eapacitors, placed from e analog
inputa to ground, will efiminale sysiem noise pickup bt can
creale analog scale erors as those capactiors will average
the transient input switching curments of tha AT {zoa saclion
221.). This scale smor depends on both a large source
reqistance and the use of an input bypess capacitor. This
error can be afiminsled by doing & ful-scale adjusiment of
tha AMD (adiust Ve /2 for & proper full-scale reading —2ee
geclion 2.5.2 on Full-Scale Adjusiment) with tha source re-
sistance and Inpul bypass capacitor In placs.

24 Refarence Volage

241 Span Adjusi

For madmam applicalions fasibillty, thase A/Ds have been
designed o accommodete 8 5 Ve, 2.5 Ve or an adjusted
vollage reference. Thia has bean achlevad in the design of
the G as shown N Figure 6.
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FIGURE 8. The Vporrrrmecs Degign on the 1€

Maolice that the reference valtage for the IC is aither ' of the
voltage appled 1o the Ve supply pin, or /s equal to tha
voltage thal is extomally foreed st the Vg -/2 pin. This allows
for a ratlomedric voRage reference using the Vo supply, a §
Voo reference voitage can be used for the Ve supply or a
vollage less than 2.5 Ve, can be apphied 1o the Vo2 input
for Increased appication flexibiity. The Internal gain to the
Vinee/2 input iz 2, making the full-scale differentlal Inpud
vohags twice the voltage at pin 9.

An ezample of the tse of an adiusted reference voltage is 1o
accommodaba a reduced span — or dynamic voitage range
of the analog inpul voltage. i the analog input voltage were
Io range from 0.6 Vi 10 3.5 Ve, instead of 0V 1o 5 Vi, the
spen woukd be 3Y =5 shown in Figue 7 With 05 Ve
appfied 1o the Vi (-} pin to atsorb lhe offse, the reference
witage can be made equal to 15 of the 3V span or 1.5 V..
The AT now will encode the Ve d+) signal from 0.5V o 3.5V
with the 0.5V input comesponding ko #em and the 3.5 Vo
[nput commasponding o full-scake. The full & bits of resolution
are thevefore applied over this reduced analog nput voltage
range.

Z.4.2 Refarance Accuracy Reguirements

Tha comeartar can be oparated in a ratiomatic made or an
abasiifts moda. In aflometric converlar applicafiona, tha
magnitude of the reference voltsge i & factor in both tha
outpud of the source tansducer and the oulpul of the AD
corverter g therefore cancels out in the final digitel output
code. Tha ADCOBOS s specified particulardy for usa in atic-
melric appicatinns with no adjusiments racuired._ In absolute
comersion applications, both the nitlal valua and the tem-
permture slabilly of the rafamnce voltages are impartant fac-
torE in tha acoracy of he AT convertar, For Vpes/2 volt-
ages of 2.4 Vi, nominal valua, initial errors of £410 e il
cALsa comansion arons of 21 LSB due to the gain of 2 of tha
Weep? input, In reduced span applications, the Inilial valus
and the stabilty of the Ve /2 inpust wiltage becomea sven
more important. For example, if the span s reduced Lo 2.5V,
the analog inged LSB vollage valus & comespondingly m-
duced from 20 mV {5V span) 1o 10 mY and T LSE &l the
Ve /2 Inpul becomes 5 my, As can ba sean, this redices
the nliowad initial Wolerance of the referenca voltage and
foaquifsd comaapondingly less ahsolule change with lem-
perature venations. Mola thal spans smakes than 2.5V placa
ovian lightar requirements on the inllisl accuracy and stability
of Ihe refenance sournce.

In genersl, the magnilde of the reference voltege will me-
quira an inilial adjustment. Errors due o an improper value
of reference voltage appoar as hillscale ermors in the AD
transier function. 1C vollage requistors mey be used for
raferences i Iha ambient lomparalure changes are nol ex-
ceadive, The LM3I3GE 2.5V IC eference dinde (from Na-
lisinal Samiconductor) has a temperaliure stability of 1.8 my
byp {6 MV max) over D'CAT,s+70°C. Other tempersturs
range parls are also available.

Fal

W Nl onal.com

§0B00QYIP0E02AYIE0R00AYZ0B02AY/L0B0DAY




ADCOBO1/ADCO802/ADCOBO3/ADCOB04/ADCOBDS

Functional Description continusa)

Fiulel
o

e = B

= n-ar

a] Analog Input Signal Example

A I Vel £ 1 Vi with LWEEA b e 3 el o growd.

b} Accommaodating an Analog Input from
0.5V {Digital Cunt = Dy 1o 3.5V
(Driggital Out=FF )

FIGURE 7. Adapling the A/D Analog Input Voliages to Match an Arbitrary Inpt Signal Range

.5 Errors and Reference Voltage Adjustments

251 Zero Error

Tha zaro of the AD does nol require adjusiment, I the
TTETHILET Bnahtg inpul voltaoe valise, Vi, ey, 19 mot ground,
a zam offset can be done. The comverter can be made o
outpot 0000 (000 digitsl eode for this mimimum mput woitsges
by blasing the AD Vad=) INPUL 8 this Vg value {see
Applications section). This ulilizes the differenlial mode op-
aeration of the AL,

The zero amor of the AD converer reiates 1o the ocaton of
the firsl riser of the transfer funclion and can be measured by
grounding e Wy, (=) mpul and applying a small magnilude
positive vollage o the Vi, {+} input. Zaro aror is the differ-
ence betwean tha actual DC input yollage that is necessary
tor jest cause an outpud digital code tranailion from 0000 000
to 0000 (001 and the ideal % LS8 vadse (3 LSH = 6.8 m\y
107 Vrgpf2=2.500 Vo).

2.8.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
anlial inpul veilage that is 114 LSB less than the desired
analog full-scale voltege range Bnd then adjusting the mag-
nitude of the Vi :£2 input {pin 9 or tha V.. supply if pin 8z
nol usad) for a digital cutput code that is just changing from
1111 1990 fo 1411 1111,

2.5.3 Adjusting for an Arbitrary Anaiog Input Yoliage
Range

if the anslog zero voltaga of the AMD & shified away from
ground (for example, o sccommodate an analog inpul signal
that does nol go to ground) this new Tem reference should
be propady adjusted finst, A W, (+} voltage thal equals this
degird zem reference plue % LSBE (whare the LSE iz cal-
cilated for the desired analpg spen, 1 LSB=snalog span/

258 is applied 1o pin & ard the zem reference voltags At pin
T should then be adjsied 1o jusl obtain the 0, to
e transition.

The full-scale adjusiment should then be made (with the
proper W,.{-} voltage applied) by forcing & vollage to the
Vied*) Input which 8 ghven by:

— v
Vin | +) 18 pc§ f»vm-ts[w““m ]

whene:
Viunax=The high end of tha analag input range
and
Viara=the low and (the offesl 2ern) of the analog range.
{Both are groumd referenced.)
The Yeee2 (or Vo] vollage @ then adjustad 1o provide a

codo change from FEgp,. o Fra,. This comploles the
adjustment procrdunes.

2.6 Clocking Optlon
The clock for the A'D can be derived from the CPU clock or
an extemal RC can be added o provide sefl-docking The
CLK [N {pin 4) makes use of a Schinilt trigger a¢ shown in
Fligwes 8.

A mirbonal ciam




Functional Description (continued)

St

PR

T
A =10 kil
FIGURE 8. Spif-Clocking the AN

Heavy capacitive or DO Ioading of the clock R pla shoutd be
avoided as his will disturb nomal converer operstion.
Lowds tess than 50 pF, such as driving up to 7 AD converler
clock inpuls from & single dock R pin of 1 converter, are
allowad. Foo larger clock line loading, a CMOS or low power
TTL buffar or PHP inpul logic should be used to menimize the
loading on the clock R pin (do et use a standard TTL
busffer),

27 Restart During a Conversion

If the AMD i resladed (T8 and W go low and retumn high)
during a conversion, he converler s raset and 8 new oon-
version |s started. The output data katch is nol updated i the
corvarsion 0 process ks nol allowed 10 be compleled, there-
fore the data of the previous conversian remains in this latch.
Tha INTR outpul simply remaing at the *1° levei.

2 8 Continuoua Conversions

For nparation in the free-running mode an intializing pulse
should be used, foliowing power-up, 10 Bnsurne creull opera-
ton, In this application, the TF input is groundsd and the WiR
input is tisd to the INTH olfput. This WR and THTH node
shoudd be momentarily forced o logle low following a
power-Up cycle o guarantea operation.

2.9 Priving the Data Bus

This MOS AMY, like MOS mCTODrOCESSOME Snd Mamones,
will raquire & bius driver when the total capacitance of the
data bus gels large. Other circutry, which is lind o the data
bus, will add o the tolal capacitive loading, even in
TRISTATE (high impedance moda). Backplane bussing
alzo greally adds o Ibe stray capacitance of the data bus,
There ae some sHamatives available o the designer to
handie thie prablam. Barically, tha capacilive loading of the
deda bus slows down the responde time, even though DG
spacificalions Hre skl mel. For systems operating with &
relalively slow CPLU clock frequency, more time is available
In which o eslablish proper logic levels on the bus and
tharetare higher capacitive loads can ba driven {see typical
chamscleristics curvas).

At highar CPU clock fraquencies time can ba extended for
(A0 reads (Ervdior wiites) by naerting wail stales (B0B0) or
wsing dhock exfending circuits (G800).

Finally, i fime i3 short and capacitive loading i high, extermal
barg drivers must be sed. Theso can be TRI-STATE buflers

(s pover Schotiy such as the DMTALE240 esres s roc-
ommended) or special higher drive cument products which
are designed as bue drivers. High cusrent bipolar bus drivers
with PNF inputs are recommended.

2.10 Power Suppllas

Motse spikes on the Ve SUPply ine can cause CoMversion
arrore a8 the comparator will respond to this noisa, A low
inductance taralum filter capaciior should be used close in
the converter Ve pin and values of 1 pF or greater ame
recommeanded. If an unreguisled voltage ie avaflabla in the
syslem, a separate LM3MO0LAZ-5.0, TO-82, 5V vallage requ-
istor for the comvartar (and other analog ciraitry) will greatly
mdl.lmcigiiﬁﬂrmk&&m mv”p mﬂ'.

2.11 Wiring ard Hook-Up Precautions

Standand digital wire wrap sockels am not satisfactory for
braadboarding thiz AD converter. Sockels on PC boanda
can ba used and all logic signal wires and leads showd be
grouped and kopt as far aweay s possibla from the analog
sipnal leads, Exposed lasds Ip the analog mputs can coues
undasired digial nolse and hum pickup, therefore shielded
lzads may be necessary in many applications.

A single point anstog ground that is separate from fhe logie
ground pointz should be used. The power supply bypass
capacitor and the asH-clociking capacitor (f used) should
berth be rebmed to digital ground. Aty Vipee/? bypass ca-
paciors, anslog input fiter capacilon, or inpat igral ahlakd-
ing should be retumed o the analog ground point. A test for
proper grounding i to meszum the zefe armor of the AD
converler. Zero evmors in excess of W LS8 can usually be
traced to impropar bosd layout and wirng {see seclion 2.5.1
for measwing the 2em ermor).

3.8 TESTING THE A/D CONVERTER

There are many degrees of compeexity associated with lest-
Ing sn AMD eonverter. One of te simplest teats iz lo spply a
krowm anahog input viadtaga o the comvarter and vsa LEDs o
dizplay the resulling digilal culput code as shown in Figure 8,
For ease of lesting, the V2 (pin 9) should be
with 2 560 Vpe and 3 V- supply vollage of 5.12 V. should
be used. This provides an LSE valuse of 20 mV,

H a fullscale adjustment is fo ba made, an analog nput
voitagae of 5.090 Ve (5.120—1%2 L58) should ba applied
the Ve {+) pin with the V(=) pin grounded, The value of the
Vrzef2 input woltage should then be adjustad until (e diglal
outpul code is just changing from 1111 1110 o 17111 1111,
This vakie of Ve /2 should then be used for ail tha taets.
The digital outpul LED display can be decoded by dividing
the & bits into 2 hex characiers, the 4 most signiicant (MS)
and tha 4 laast zignificant (LS). Table f shows tha fractional
binary equivalent of these twe 4-bit groups. By adding the
voltages obdained from the "WMS® and "WVLE" columns in
Tabie 1, the nominal value of the digial displsy (when
V2 = 15B0V) can ba datarmined. For exsmple, for an
output LED dispiay of 1011 0110 or BE (in hax), the valtage
values from the labde are 3.520 + 0120 or 3.640 V.. These
vollage valises represent tha center-values of 3 parfect AD
converder, The effects of guantization amror have o be Bo-
roniad for in (ha Intarpralation of the test reaulis,
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ADCO0801/ADCOB02/ADCOB03/ADCO804/ADCO805

Functional Description (coninued)
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For a higher spoad tast systam, or to obtain plotied data, a
digital-to-analog converer is needed for the lesl set-up. An
sccurale 10-bit DAC can serva as the precision voltage
source for the AMD. Errors of the AT under tesl can ba
expressed as efther anabog voltages or differences in 2
digital words.

A hasic AT tesler that uses a DAC and providas ha aror ae
an analog outpud vollage |s shawn in Flgure 8 The 2 op
amps can be sliminated  a lab DV with a numerical
subtraction feature 5 aailabla o remd the difference voll-
aga, "A-C°, directty. The analag inpit voltage can be sup-
plied by a low frequancy ramp genarator and an X-Y ploltar
can be used lo provide analog aror (Y axis) versus analog
input (X aws).

For operation with & microprocessor or & computer-based
tesl system, it is more comvenient 1o present the emors
digitadly. This can be done with the croul of Figure 17, whera
the oulpit code transifions can be delectad as the 90-bit
DAC s incremented. This provides 14 LSE deps for the B-bit
AD under test. H the results of this test are automatically
plotted with the analog input on the X axis and the armor fin
LB} as Ihe ¥ axis, 8 usefld transher funclion of the AD
urwler tesl results, For scceplance ieafing, the plot ks not
necessary and the lesting speed can be increased by estab-
lishing intornal lirets on the allowed amor for sach code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interdace wilh B380A and 6800 microproces—
500G, @ common sample subrouding sinchure ' t=ed. The
micreprocessor starts the AD, reads and stoves the rosulls
of 16 surcassive commsions, then eloms b he msars
program, The 16 data byles ae stored in 16 successive
mamory lotations. All Deta and Addresses will ba givan in
hexedecimal form. Software and hardware detsfls are pro-
vidad saparataly for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Dervatives (8048,
BOBS)

This comverter has been designed to direclly inferface with
donvalives of the 8080 mecroprocessor, The AD can be
mapped inf me space (using standard memony ad-
dress decoding for C5 and the MEMR and MEMW slrobes)
e il can ha controlied 2c an IO devies by using the TD R
awd VO W strobes and decoding the address bits A0 — A7
{or addross bite AR — A15 as they will comtain lhe same §-bi
address Informnation) bo olain the TS inputl. Using the H0O
apace provides 256 additional addresses and may sllow a
simplar B-bil address decoder tut the dala can only ba input
o the sccomulaion, To make use of the additional memony
reference. instructions. the AD should be mapped o
memony spaca. An axample of an AT in 0D space (5 shown
in Figura 12,

1)




Functional Description (continued)
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FIGURE 10. A/D Tesine with Analog Error Output
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FIGURE 11. Bazic *Dighal® A/D Tegier
TABLE 1. DECODING THE DIGITAL OUTPUT LED=

LD UNBTA TRy
TEET | OETPHT

OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX EINARY WITH

Vpee/2=2 580 V.

M5 GROUP L5 GROUP VS VLS
GROUP GROUP
(MNate 15} {Hiote 15}

F[1 + 1 1 1516 151255 4,800 0,300
EJ]1 1 1 0 7 THoE 4.480 0.280
D |1 1 0 1 1316 134258 4160 0260
c |1 1 o o0 34 ai6d 3840 0240
8 |1 o 1 1 11/16 o 111256 1520 0.220
& |1 o 1 o £ 5128 2.200 0200
2 |1 0o 4 1 LT a5 2 880 0.180
B |1 o o o] @ 132 2.560 0,180
T Ee A THE ' 71256 2240 0140
& |40 1 1 D 3% ait2a 1.920 0120
5 |0 4 0 9 BHE 20256 1.600 0,100
4 |0 1 0 o 114 1164 1280 0.080
3 o o 1 1 6 3256 0.960 0.060
2 |lo 8 1 B 8 1128 0.540 0,040
1t o o 0 1 1H6 1256 0.220 f.020

0 08 0 0 [ o ]

Hole 15. Desiray Outpusl="VMS Group = YLS Group
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ADC0801/ADC0802/ADCOB03/ADCO804/ADCO805

Functional Description coninuen
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Mot 1T Pin 23 of Tre INEEZ2W makd b Sad 10+ 12V thoigh & 1 K52 resdstan 0 ganecate e FST 7
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FIGURE 42. ADCDS01_INSE000A CPU interface
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Functional Description continued

SAMPLE PROGRAM FOR Figure 12 ADCOS0M~INSS080A CPU INTERFACE

6638 X o003 HET ¥ JHF LD DATA

- L ] L]

- L2 L
(=3 Eelv] 21 00 02 START: LXT H 0200H sHLpalrwill point ta

;data storage locatians

0103 JNoood RETURN: LXT 5F 0400H iToltialize stack pointer (Hote 1)
106 w0 MOVA, L iTosi fof bytes enterad
alo7 FEOF CFIOFH rIfg=1a. I¥P to
aL09 CALIOL JZ CONT FUSeT prdgram
o1oc D3 ED OUT BG H sdtart AST
OLOE FB EI ; Enable interrupt
o1a¥F oo LT : HOF Loopuntil snd of
0110 CIoOFOL JHF LooP iEanvaraian
0113 - CoNz: -

- L3 * L ]

\d - iUser program to .

& - process data) -

- - L ] *®

- - [ [ ]
G300 DB E LD DATA INEDH ibonddats into sccumglater
0302 7 MOV M, A i Store data
0303 23 IFX H i Increwent sLorage pointer
0304 C3n3ol TUFP RETURN

DT

Mote 1B Tha stack podler s ba dimensicnsd bacaisa 3 RET T imstnacticn puishes the PC oot e atack,

Motn 1B All andrase Lo ware abraniky G

The standard conlre bus signals of the 3080 T8, A and
TWR) nan be direclly wired to the digital control inputs of the
AT and the bus timing requirernants are met o sllow bolh
starting the converler and qutpulling the dala onto the data
bus. A bus driver should be used for larger micraprocaessor
systems whare Whe dets bes Ipaves the PC board andior
mit drive capacitive laads smer than 100 pF

4.1.1 SBampie B080A CPU Imerfacing Clrcuitry and
Pragram

Tha fofowing sample program and asscomted hambwars
shown in Flgurs 12 may bo used 1o input data from the
corvartar i the INSB0804 CPU chip sof {comprisad of (he
INSBOBDA, microprocessor, the IMSE220 syslem conboller
and the INSB224 clock generaton). For simplicity, the AT iz
controlled as an /0 devics, specifically an B-bit brdirectional
pont located ai an arbitrarily chosen porl address, EG. The
TRESTATE output capabliity of the AD efminates the need
for & paripharal interface device, nowevor addrass decoding
is 61l required lo generata the approprisie TS for the con-
viriar,

Il is important 1o Aote thal n systems where the AD con-
verter is 1-0f-8 or kess D mapped devicos, no addess
decoding circullry 12 necassary. Each of the 8 addiess bits
(A0 1o AT} can be directly ssed as ©F inpuis —ona for sach
1D dewice.

4.1.2 INS8048 Interface

The INSB048 interface technique with the ADCIE0T seres
{562 Frgure 10) |2 simpder than the B0A0A CPU imedacs.
Thare are 24 1O fines and three lest input lines in the S48,
Wilh thase axira W0 inas availabls, sne of the 10 lines {bil
0 of port 1) is used as the chip select signal Io the A/D, thus
aliminating the use of an oxiernal address decoder Bus
control signals RO, WR and TNT of the B04B are lied discily
ta the ATY. The 16 convered dala words are slored al
on-chip RAM localions from 20 1o 2F (Hex). Tha RD and WR
signals are peneraled by reading frem and writing nlo a
dummy address, respoectively. A cample intarfssa PrOgQram ic
shawn beirw,

27
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ADCOB01/ADCDED/ADCOB03/ADCUE04/ADCDBI5

Functional Description (continued)
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FHZURE 13. INS2D48 interface

SAMPLE PROGRAM FOR Figurs 13 INSBB4E INTERFACE

04 10 INF 108 :Pragram starta at addr 10
ORG M
0430 JHE S0H rInterrupt juspvsctor
GRE i Maln progran
99 FE ANL F1. #0FEH ;Chip salect
81 EOYE A, BRI iFaad inthe 1at date
ito reset the lotr
RS OL ETART : ORL Fl, #1 :5et port pinhigh
Ba 20 WOV RO, #2080 :Data address
B9 ¥F MOV R, #0FFH i Dussey addreoa
BA 1O MOV A2, #10H ;Counter for 16 bytas
I5FF AGATH = OV A, #OFFH : Sat ACC for dotr Loop
595 FE ARL Fl, #MOFEH sS5ernd C5 (pAtDaf FL)
91 HOVT aR1, A : Send WR oot
os Ex ;Enable interrupt
98 21 LOOF 1 JHE LOOF t#aid for interropt
EAlR DINZ B2, AGALE i If 16 bytes are read
i} HOF TEa ta user’a arspran
Do HOP
DRG SOH
a1 INDATA : HOVY A, &A1 ; Input data, 05 still low
AD MOV BHD, A ;5tore inpemory
18 IRC R :In¢remant starags counter
Bo 0L ORL Fl,. #1 sReset (S xignal
aT LR A ;Clear ACC to zot out of
95 REIR ithe interrupt Loaop

4.2 interfacing the Z-80

Tha Z-80 conlrol bus i= shghtly dfferent fom hat of the
B080. General RD and WH strobes are provided and sapa-
rote memory requesl, MREQ, and VO request, TORG, sig-
nals ara usad which have 1o be combined with the genaral-
ized srobes o provide the equivalent 8080 signals. An
advaniage of operating the AT in U0 space with the Z-80 i
that tha CPU will automatically inser one wal state {the RD
and WR strobas are exdsnded ane clock perod) to afiow
move time for the 0 davices 1o mespond. Logic o map the
AD in VO spRce iz shown In Figue 14,

ot ]

FIGURE 4. Mapping the AD as an IO Device
for Uso with the Z.80 CPU

Additional D advantages axist az software DMA roulines
are available and use can be made of the oulput data
transter which exists on the upper B oddress nes (A8 o
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Functional Description (continued)

A5} during IO Ingnd instructions. For example, MUX, chan-
nal selection for the AD can he accomplished with this
oparating mode.

4.3 Interfacing G600 Microprocesaar Darhvatives

(8502, etc.}

The. control bus for the S800 microprocessar dervatives
dows not use the RD and WR strobe signals. Instead it
employs a single RAY line and additiona! liming, if needed,
eah be derived fom the 42 clock. All IO devices are mamar—y
mapped 0 the G800 eystem, and a special signal, VA
indicales that the cummen| addmess is valid Figure 15 shows
an interface schomalic whers the AD & memony mapped in
the 5800 systern. For simpficity, U= CS decoding ta shown
uging 14 DMB092. Nele that in many 5800 syslams, an
already decoded 475 fine is brought out 1o the common bus
gt pin 21. Thiz can be led directy to the T8 pln of the A/D,
provided Ihat no other devices are addressed at HX ADDR:
XK or Bl

Tha following slibiouting performs essenlially the same func-
fion as in the case of the BOBOA intarface and it can ba called
from arywhare in the user's program,

In Figurs 18 tha ADCDBH series is inlerfaced to the MERNO
microprocessor tiouagh (the arbitradly chasen) Port B of the
MCES20 or MCBEZ21 Parpheral Inferface Adapler, (PIA)
Hore tha TS pin of Ihe AD & grounded since the BiA s

airandy mamary mapped in the ME200 syslam and ko TS
dacoding I8 necessary. Alsp nofice thal the A/D outpul data
Hmmmwhdhﬂnﬁcmwbmunﬁpm-
gram conirol through the PLA and therefors the AD RD pin
can ba grounded,

A sample interdface program equivedent ko the previous ona fs
Bhown balow Figure 16, The: PLA Date and Conlrol Registers
of Pord B are located at HEX addresses 8006 and B0OT,
respeactiviahy.

5.0 GENERAL APPLICATIONS

The following applicalions shiw some mamesiing uses for
the AT, The fact thal one perticular micopocessar is used
iz not meant to be restrictive. Each of these application
circuits would have s countemart Using any mCropiorsssor
that iz destrad.

5.1 Multiple ADCOBDY Serles to MCESGD CPU Interfaca
Ter Iransfer analog dala from severml channels to a singls
MECTOPMDCASSor SYSlem, a multile convarter scheme pre-
earls sevaral advaniages over the conventional multiplexar
single-oomeniar approach. With the ADCOS01 sares, the
differential inputs aliew mdividual span adjustmsnt for each
chanred. Furthermore, all analon input channels are sensed
simulianeously, which eseentially divides the microproces-
s0r's hotal system senvicing fima by the nurmber of channals,
since all conversions ocour simultaneously. This schame is
ahown in Floure 17,

Bt

o | fra ]
]

am

L
I
|-u-..

L Fat

&l

I

.
T

Vi,

ars owm [i37]
+ 04 b i
E | = I W [
Ilt-:—-—-———blﬂmﬂi
-] & 01 ol 18§
[

5|

o

=13

ir

F——hunm
o @ |
4 i B AR
@)

LI

L ]

Mot 2 Hurnbers in parenifecss e o SIS0 CPU pin our

= A o phy
ATS @) [
L]

gy

a
EIERT -2

Bhetn 292 Murrdeer o tlars i Braeckodt wofor tn fand MEBOD mysiarm o bus sodo.
FIGURE 15. ADCOSOY-MCSE00 CPU Interfsce

50800AQYIP0B000OV/E0EIDAY 208000V 108000Y




ADCO801/ADCOB02/ADCOB03/ADCOB04/ADCOB0S

ool10
fol12
Q015
onle
Do1B
o01C
oaln
GO1F
D022
0024
02T
ooze

0020
DO2E
i |
2033

LR
o0xa
o038
03l
DO3F

Functional Description (continued)

SAMPLE PROGRAM FOR Figure 15 ADCOS01-ISCERDD CPU INTERFACE

DF 38
CE 0D 20
FITF TG
B7 8000
1))

3£

DE 34
BL D2 OF
27 14
87 5000
08

DF 34
20 F0
DE 34
BG EO OO
AT 00
3B

o2 a0

0009

CE o2 00
IF 34

DE 36
39

DATATH

CONVET

INTRPT

TEMF]

TEMFZ

51X
LoX
3IX
STAM
CLI
WAL
LDE
CFE

TENF2
#jo02¢
$77FR
§3000

TEMFL
#3020F
ERDF
5000

TEMFL
CONVET
TEMF1
5000
z

Joz00

$0000
#hozoo
TENP1
TENTZ

[ Save contamiaof X

i Upan TRE Low £FL

; Jumpa ta 0020

i Start ADCOS01

:Wait farintarrupt
;Is fipal datn atored?

1 Restarts ADCOSOL

: Read data
i tore it ot X

: Starting address for
ide2tasloroge

s Redpitlializs TEMPL

; Reaturs from sobraut ins
; Toyuser's program

FIGURE 16. ADCOBG1—MOCBEZ0 PIA interiace
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Functional Description (continued)

SAMPLE PROGRAM FOR Figurs 16 ADCOBM-MCEE20 PIA INTERFACE

OOLG CE QD 38 DATAIR LDX
() k.3 TEFFFR STX
0oLs BE B0 06 LDAL
0oL iF CLRA
O01A BT A0 67 STAL
001D BT B0 O STAL
0020 OE CLI
0021 £6 34 LDAE
0023 BE 3D LDAA
25 77 8007 CONVRT STAR
i H BT 8007 STAA
Q02E 3E WAL
opac DE 49 LDX
DO2E BCO20F CPL
o3l £7 0F REQ
(e 08 iFK
0034 IF 40 EIX
0038 20ED ERA
0038 DE 40 IFIRFT LDK
0054 Ba 8008 EDAA
003D AT 00 STAA
GO3F 3B RTL
o0dp 0200 TENF] FDR
0042 CE 02 00 ENTE nx
0045 OF 40 ETX
o4 39 RTS
PLAORR EQu
PIACRE EQu

Tha following schamatic and samphe subroutine (DATA, IN}
miay be used to intesface (up o} B ADCOB0T's directly (o the
MCER00 CPU. This scheme can casily be exlended to allow
ihe interface of more converters, In this configuration the
eaxrvarters are (aebitrarily) located al HEX address 5000 in
the MCEB00 memony space. To save components, tha sinck
sighal = derived from just one RC pair on the firsl convers:,
Thig outpad drives the other ADs.

Ali tha converters ame stasd simultansously wilh a STORE
Instruction at HEX eddress 5000, Mote that any other HEX
address of the form SX00 will bo docodod by (he circu,
pulling all the CF inpuls low. This can easily be avoided by
using a more definitive address decoding schama. Al tha
intermupls are ORed together o Insure that all ADs hawve
comploted thalr comersion before tha microprocessor is
intermupted,

The subroutine, DATA 1N, may be called from amywham (n
the user's program, Onee called, this muting initializes tha

#30038 i Upon THY 1ow CPU
LFFTR  jumpi to 0038
FIAORE :Clearposalble TRO flage
FIACRE
PIACRE 3 Eat Fart B aa foput
534
#4350
TIACHE s Etarts ADCOBOL
FIACHE
s Weit for intarrupt
TEMPL
#3020F 115 final dale atared ¥
ENDF
TENFL
CONTAT
TEMF]
FIAOGRE i Bead daia lo
X iBtare it ot X
o200 : Starting address for
;data storags
#30200 ;Reinitinlizs TEMPL
TEMFL
; Raturn from subrogtins
janos ; Toussr's program
isoor

EEMrATEAT

CPLU, starts all the comverders aimulaneoushy and wails for
Ihe inteirru signal. Lipon receiving the intemupt, it reads the
corvertars {from HEX addmsses 5000 thwough 500T) and
stores the dats successively At (arbilrarity chozen) HEX
addresses 0200 to 0207, before retisrdng o the ser's pro-
prare. Afl CPU registets then recover tha original data theay
herd besbore servicing DATA IN,

32 Auto-Zeroed Differential Trensdocer Amplifier
and AN Converisr

Tha difforontial inpute of te ADCOE0T series aliminate the
reod bo perfoim a diflerantial o single ended comversion for
a diffarantial iransducer. Thus, one op amp can ba imd-
naled smoe the diferential to single ended comverslon s
prowided by the differential inpot of ke ADCOS01T sanes. In
gereral, a ransducar preamp 5 requined 1o iake advaniaog
of the full A'D convarter mput dynamic range.

=
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ADC0801/ADC0802/ADCO803/ADCOB04/ADCOBDS

Functional Description (Continued)

) SR
o sl Syt
rr L1 Lede-dr ]
;\"' o
1 = O
,:4: Nt Vex L M|
',’“'. e [ weniw
4:':“. s * umg
Y = iR
< T L] ——a
= 7 Ny z ~
o~ el . il 4 il
- [ My --: . —i
L
E eﬁ-iﬂk :II _:' - I,
¥ T
i ™ 1 N B
LIl : b J ~td
- lw &
111 . ) —
il : o A et
g PR
(NN . o4 o
NN E i
1Pl pC
|
] a
: e S
i S i
P
y : oEs
omy
: IL [ 1§
S = b REY
ey L Yirwe " i e i
~—no i - *
'S pha i
ey - e avmmp
- 1

Hete 21 Mambers i poen thenes, rober o MOGAM CPL pinooart.
Meobe 24: Muimbers of kel i boackats refar D siancdan MGEI0 syslem commnon inm code

FIGURE 17. (merfacing Mulliple ADs in an MCG6800 Sysicm

[t ot I P

iﬂﬂmim|l|

L
s a1 ]

Lﬁ‘q“lﬁﬂlﬂ

Lrovis el ]

vl TeaOnal C0wn




Functiocnal Description coninued)

ADDRESS HEX CODE
0010 DF 44

el k- CEQQ2A
ool5s FEFFFFO
pols BT 5000
1B 1] 4

i 3E

O0ID CE 50 00
020 OF 40
0022 CED200
ao=s TF 42

s {1 DE 44
=g 39

rO2A DE a0
o2 ARG 0D
(HEZE a8

Q0zZF DF 40
0031 IE a2

SAMPLE PROGRAM FOR figure 17 INTERFACING MULTIPLE A/D'e IN AN MCES0D SYSTEM

BAMPLE PROGRAM FOR Figuro 17 INTERFACING MULTIPLE A/D's (M AN MCS800 SYSTEM

DATATN

INTRTFT

MNEMOMICS COMMENTS
LY 3 o TENFP i Save (optomta af X
LOX E50024 5 Upon THQ LOW CFU
5IX §FFFE : Jomps Lo 0024
STAA §5000 ;Btartanll 4)D"s
CLI
WAL ;Wait forinterropt
LDX 245000
SIK IKDEKL ;Reset hath TRDEX
LDhX #40200 ilapd 2 to startilog
51X INTEXZ ; addreaszas
DK TENT
RIS i RBsturn from subrauting
LDX IFDEX1 s INDEXL — X
LDAR X iReaddatainfromA/Dat 1
INX i Inerament X by one
5IX INBEX: 1 X —= INDEXL
LDX IFDEX2 i INDEE2 —» X

LEMEAT LAY

ADDRERS HEX CODE MHNEMONICS COMMENTS

0033 AT 0D STAR K sBtoredatastX

0035 BCOzZaT Lrr o207 ; Have all A/D's been read?
0038 2705 BEQ RETURE P Tad: branchte RETURN
0034 o INX i Ho: increment X by ane
03B or 43 SIX INDERZ i X — [NDEXZ

005D 20 ER BRA INTHET : Bréanch Lo DO2A

DOSF 38 RETURNR RIl

G040 S000 INDEX1 Ol $5000 i Startiog eddress for A/T
042 o200 IRDEXZ FoE L0200 : Startlog address for data starage
[t 2t Qo 00 TEMF FDHR 000D

ITONET |-A

Mhofe 25: Inouder for Lhe micmpoossson k- servics subooutioms: and inlemup's, (e srsck pomter st b chmenmoned i ihe wser’'s program.

Far amplification of DC input signals, a major system smoris
the inmpud offset voltage of the ampdifiers used for the preamp,
Flgira 18 15 & gain of 100 differential preamp whose offzat
voltatie ermors will ba canceiled by a zeming subnouting
which ig perfformed by the INSS080A microprocessor sys-
tam. The total alowsbde inpul offsel woltage eror for this
preamp is only 50 WV for 14 L38 emor. This woukd abwiously
requira very precie amplifiers. The expression for the differ-
antiat culpll voltage of the preamp is;

Vo = Vv +) =Vl =) [1 + %I *

—

HGENAL GAIM

2Rz

Vos; — Viosy — Vos, *'xﬂﬂ(i +ﬁ)

4 < X
DC ERROH TEAM GAIN

whene | = the curment through resistor R, All of the offsst
emor lamee can be cancellad by making P = Voo, +
Vosy — Yoz This is the princip'e of this aulozemoing
acheme

Tha INSEOA0A umes the 3 A0 pods of a0 INSEZSS Progra-
mable Peripheral Interface (PP o contrl the auto Zenoing
and it data from the ADCOB0N &= shown in Figurs 19,
The PPl & programmeed for basie PO operation {mods 0 with
Porl A baing an input port and Ports B and © being owipat
poxrts. Two bits of Port C are used o aiflemately opan o closa
the 2 swiches al the input of the praamp. Swilch SW1 is
ciosed to fomce the reamp's diferertial inpot 1o be 7o
during the rering aubroudine and hen opened and SW2 is
then closed for convorsion of the achusl differontial inpul
signal, Using 2 swilches in this mannar efiminates concam
for the OM resistanca of the switches as they must conduoct
ooty e inpud bies current of he input ampfifiers.

Crulprut Porl B s used a5 8 sUcTessive approimation regis-
ter b the 8080 and the binarny sealed resistons in gonins with
each ouipit bl creats & DVA converter. During the Zerming
eubroating, the vollage ot V, incresses or deceares as
reuired 1o meake the diferentisl culpul vodtage equeasl b zom.
This i accomplished by ensuring thal the vollage al the
outpul of AT i approximately 2.5V so that 3 logic “17 (5V) on

A
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ADCO0801/ADC0802/ADCO803/ADCOR04/ADCOB05

Functional Description (continue;

any oufput of Port B will source arrent inlo node V., thus
raiging the voltage a1 V., amd frigking e oulput diffemnsntial
more negathve. Comversely, a logic 0" (0] will pull cusrert
out of noda V., and decreacn the voltage, calsing the differ-
aial oulput o become more positive. For 1The roeieine val
Was shown, W, can move £12 mV with a resolution of 50 i,
whikch will nudl the offsel eqror barm Io- 14 LSB of fibl-sealn for

the ADCOBO . It i important that the woitage lovels that drive
the awlo-remn resisiors be constant. Also, for symmetry, a
Ingic zwing of OV fo 5 |s convenionl To achieve this, &
GMOS butfer is used for the logic output signals of Port B
and this CMOS packagn s powered with a stable 5V source.
Buffer amplifier A1 is necessany so thal # can soures or sink
the DVA eulpt current,

Mota 2 HY = 405 Bt
Mobe IT. Swiiches prw LMCYII3 CMOS anslop sidiches.

Bloda TH! Thee B recisiors, 1) by e meccrnen SS0ion s b < 5% Widmmn

FIGURE 18. Gain of 100 Difterential Transducer Preamp
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Functional Description coninuen

| f

A ]

WL ]
o e o *®
ez (e : e
= i R S
= ol [— T
B
F TS & O Bt J

— k3

Liri el -3

RGURE 19. Microprocessor Interface Gircuitry for Differential Preamp

Aflow char for the rading subrowtine i shown in Flgune 20
it must be noted Ihat tha ADCOS01 seres will output an al
zern codo whon i converts a negative input [V [-) =V, J+)]
Alsr, a kogic inversion exists &5 all of the IO porls are
bufferad with lnverting gates,
Basically, if e dala read is zem, the differential oulpul
vollage is negative, 50 8 bit in Port B is ceared to pul V,
fmare negative which will make the output more pasitive for
tha nent convession. if the data read is not zem, the cufput
voltage is posilive 2o a bil = Port B is set o make Wy, mome
posifive and the output mome negative. This confinues for 8
apprindmations and the diferential oufput aventually con-
worges to within & m\V of zaro,
Tha actusl program is given in Figurs 21, All addresees ueed
arg compalible with the BLG 800 microcomputer system.
In particutar

Port A and the ADCOB0 ano at pod address E4

Fort B i at port address E5

Fort C |s at por addreas E6R

FF1 control wond pert & st pod address ET

Program Counler automatically goes o ADDR:3C30 upon

acknowladgement of an inlarrupt from the ADCOR01

5.3 Multiple AT Comverters in @ Z-80 Interrup

Driven Mode

In data acquisition systems whara more [han one AT con-
wvorter (or ciher periphers) device) will ba Inlerupling pro-
gram execution of 8 microprocessorn, there s obviously &

nead for the CPU 1o determine which device requires sarvic-
ng. Figure 22 and the accompanying softwere iz @ method
of determining which of 7 ADCOS01 converters has com-
pleled a convemion (INTR astertad) and iz requesting an
interupt, This clreult allows starting the AT comvertes in
any saquence, bul will input and store valid data from the
comertars with 8 priority sequence of &0 1 baing resd fmst,
AD 2 gecond, slc., through AD 7 which would have the
lowest priority for data being read. Only the convertars
whosa INT 15 asserted will be read.

The key to decoding cireullry is the DM74LS373, 862 D hype
flip-fiop. When the Z-80 acknowledges the intemupt, the
program is veciored o a dala input Z-80 subrouline, This
subrowtine will resd a peripheral stolus word from 1he
DM7ALSITI which comalna the logic state of the THTE
outputs of all the eonvertars. Each converdar which initiates
an ipfermupt will place alogic ™0 in a unigue it posibion in the
£tatus word and the subrouting will determing the idenlity of
the converler and execute @ data read. An identifier word
{which indicates which AD the dala came from) is stored i
the next sequential mamaory bbestion above the laeation of
the data £o the program can keep rack of Uw identity of the
data anlerad
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W madonE oo

908034 YIY0E000V/E08000YIROB0DAY/LORIDAY




ADCO801/ADC0802/ADCO803/ADCOB04/ADC0805

Functional Description (cortined)

i B
Aix mn

FRLAW IL TERRED

A0 PHOFER IBMET

£ 0NV ERLONT LAN
NE DONE

ENTTERLIZE SAR
FOOr M AR
BERE-XTF

YEE

I RES B ATH
HEE L T CLEAR
AT

PRIFF T MREE §
MEHT V0 RGINT T8
MEXT MY

T

BRI E
TERD?

“ERELTEVE - R

MERNTTHRERT

TIF FET REXT BT
1IN FOFT R

:

TUTFUT BIW LAR
CORE TH FURT &

Ve e ]

FIGURE 20. Flow Chart for Auto-Zoro Routine
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Functional Description (contirued)

300 3ESD VI 90

ap02 DEET fat Control Port ; Prograa FPI
D04 2801 NVIEOL Auto=-Zero Suhroutine
D06 TC HOVA.H
anogT DaEs ourc i Close EW1 apen SW2
3008 O0BED NVI B Ag i Imitianlize SAR DLt pointer
3D0E 3ETF WYL ATYF :Initializs SAR cada
b 4F HOT O, A Roturn
SDOE  DIES ouUT B ;Port E=SAR cade
IB10  S1AAZD  LXI S5F SDAA Start iDimenzlonstack paintar
3013 D3IE4 oue A : Start A/D
3bis FR IE
Dl 00 HOP Loap ; boop unt 11 IRT asserted
I01T CIHLE3D JMP Laop
301K TR HOVA,D huto=-Zerg
3B CEDO ADT O
3p1p  CAED3ID  JZSet O i Test AfD ontpot dota for zera
20 78 MOV A, B Shift B
b2l Feno ORI 00 :Cipar carey
ip23 AR FAR ighift *"1*ipn E right one place
334 FEQO GFI tTeBeare? I yos last
ADZA  CAXTID  JZDsns i approxioat ion has bean mads
J02e 47 BOVE,A
IDIA CO3333D JNP Rewl
e 719 HOT &, C Tat O
3D2E  BO OR4 B 380l bit InCihat 4% in Same
302y 4F MOV C, A spositlonp as *1" in B
ILI0  C303ID IMP Shirc B
3D33 A9 XRAC Fow 0 ;Clear bit inCthat iz dp
D34 CIODID  JMF Return ;Same pasitionss "1* in B
ibir A7 MOV B, A Dane i then sulpul new SAR cods .
apia  wC WOV A H :0pan SWL, 2loz26 SW2 then
5038 EEOR IRI 03 iprocesd with program. Preap
SBIB D3B8 oUT :lanow zaroed.
3Dpap - Bormal

[ ]

-

Frogeam Car procassing

properdala values
EC3D  DRE4 IFNL Rend AfD Subrontine ; Read AfD data
3C3F EEFF XRI X :Invert data
cal Ay HOVD A
SC4d2 78 KOV A.B :IsBReag = 0" I not diay
3043 EBFF ARI ¥¥ i inauto zers aubraut ine

3045  CR1A3D  JHI Auto-Zero
3048 C33D3D TMF Normal

[ron .t an® L)
Mot 207 Al memencsl walises e b heaciTiial 4isgs Fa
FIGURE 21. Softwars for Aulto-Zeroed Differential AMD
5.3 Muitipla A0 Converters in 8 Z-80 lmiermupt Driven = The stack poiter must ba dimaensioned in the main pro-
Moda (Continuved) gram as tha RST 7 instruction astomatically pushes tha
The following notes apply: PC onto the stack and tha subrooting esos an addilionsd
: ; & stack addresges.

*  Ilie essumed thal the CPU audomatically parforms a RST . .

7 instruction when a valid interrupt is acknowhedged -Wpenphﬂm!aﬂwaunmmmmm

{CRU i In indesrupd mode §). Hence, the subrouting with the fallowing pord: assignmants:

starting address of X0038.

*  The address bus from the Z-80 and the data bus to the
Z-B0) are astumad to be imverlad by bus drivers,

»  AJD data and eniifying words will be slored in sequen.
tlal memaory locations starfing at the arbilrardly chosen
addrass ¥ 3E00.

ar WA R [
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ADCD801/ADC0802/ADCO803ADCO304/ADCO80S

Functional Description (continued) HEX PORT ADDRESS PERIPHERAL
04 AT 4
HEX PORT ADDRESS PERIPHERAL 05 ADS
00 MMTACITA B-bit Rip-fop s AME
m AD 1 ot AD T
02 AD 2 This port address slso serves as the AD identifying woed in
o3 AD 3 tha program,
“
fi
- .-? ._—_1., ]
S ]
" — _Yam Ulm
- 3 ™
3
[ - -
w B amr 2
—i- =
290 b - L
mazames  f I mear
i | = oo
P . el
ERE a0 L o L S T :_
b o L
LEs
3
"
N
=] - L
LLE L)
[ -1
(]
n s =] |
=
p T = n —f = =]
oum
Ll T
LT =
(AR e a
il i rr i ?'J
wry U n gl R L
Him
i
— =
a—] == Hs L. e
L v LU e
oFm
| -
x5

FIGURE 22 Muttipie A/D's with Z-80 Type Microprocessor
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Functional Description continued

INTERRUPT SERVICING SUBROUTINE

LOC
0038
G030
GO3A
Q03R
O03E
0040
0042
0oL
Q045
0ndg
o048
D0EE
0040
Q0aD
0048
005l
onsz
0055
0057
o059
0054
0058
D0&C
04D
0060
D0al
Qa2
oDEs

OBJ CODE
o]

€5

3

21 00 58
0E 01
L300
DRO0

47

T8

TE0R

CA £0 00
7R

ir

47

DA 5500
oc

£3 4500
Eb 7B
ER FF
Kii

a0

71

ot

{351 0D
Fi

c1

EL

£8

IEST

LOAD

DONE

EOURCE

STATEMENT
PUSH UL,
FUSH BC
PUSH AF
LT (ML) . Z2EDO
Lbe, X0l
OUT X000, A
IN A, F00
LD B, A
Loa.C
P, X108
TFPZ, DORE
Lba. B
FRA
LDE.A
JPC, LOAD
INCC
IF,IEST
IHA, (D)
EOR FP
LD [HL) . A
INCL
LD (HL) ,C
IRCL
JF.NEXT
POP AF
FOF BC
POP HL
RET

COMMENT
: Save contents af all reglsters arfected ty
+bols subroutins.
i Assoumed INT wods Loarliaraat.

sinjtlalize mamory pointer whare data will be storad.

st ragister will ba part ADDR of A/D convarters.
i boad peripharal stotus word into B=bit Llatch,
+ Lbond statut word ints Becasulatar.

i 3ave the status word.

iTecttosea if the status af all A/D & have

i been checksed. If so, exil Subrogtine

i Teot saninglebhit Ao Status word by looking for

;& "1" tobe rotated Into the CARRY (an THT

{15 loaded a5 a *1%}. IFf CARRY 45 ant then Load
scontents af A/D At port ADDR in Cregister.

$If CARRY 13 oot set, inoremant C reglster to point
7lo mext A/D, then test oext bit in status word.
1Read data Frominterrapting A/D aod Lnvert
;thadata,

; 5Yors the date

i Stora AT identifier (4/D part ADDR) .

y Test next bit instatnaword.

i Be—salablishall ragisters as thoy were
i before the interrupt.

; Feturn to original progrom

§08020Y/¥0E00AV/E0R0DAY/Z0B00AY/ 108020V




ADCO801/ADCO802/ADCO803ADCOR04/ADCOB0S

Physical Dimensions inches (maimeters) uniess othenwiss noted

Ondar Number ADCIS0ZLCWM or ADCOS04LCWVN
NE Package Number M20B

o 1ALy
8 % g ! [F T
E1MCYRE I [ea] i3] [

Ll
b ]
[ —AEs

o 2}

Molded Duwaldn-Line Packaga (N)
Order Number ADCOBOILON, ADCOBOZLCHN,
ADCOS03LCN, ADCORNE CN or ADCOSDELCH
NS Package Mumber NI0A

TFF L
Y WHE0M . mams-aewn
(5800 1RST AN
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Notes

LIFE SUPPORT POLICY

systemns which, {a) are intended for surgical impian
into the body, ar (b} suppord o sustain life, and
whose failure fo perform when propedy esed in
accordance with instructions for use provided in The
labefing, can be reasonably expectad o result in a
significant injury to the iser.

NATIONAL'S PRODUCTS ARE NOT ALMMHORIZED FOR USE AS CRIMICAL COMPONENTS IN LIFE SUPPCORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein,

1. Lfe suppord devices or systems are devices or 2. A ortical componenl & any component of a ife

support device or system whose failure o perform
can be reasonably expached o causs the falure of
the e suppod device or syslem. or o affect is
safety or effectiveness.
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Lo afan Eea

Americon Fiet: 080 (0} 1003550 82 &5
Emnil: spmoriflime soe Errmail, susvigm sopms et orm

Dstach Tok #4598 gl S 2508 08
Enginh  Tel: 44 {0 570 24 0 201
B e Francats Tek: +33 40y 141 518790
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Features

* Compatibie with MCS2-51 Products

* BK Bytes of In-System Programmabls (I2P) Flash Memory
= Endurance: 1000 Write/Erase Cycles

¢ 4.0V 1o 5.5V Qperating Ranga

* Fully Static Oparation: 0 Hz to 33 MHz

* Three-ievel Program Memary Lock

+« 258 x A-bit intarnal RAK

* 32 Programmabila VO Lines

* Threa 18-bil TimarfCountars

* Eight Inferrupt Souncas

* Full Duplex LART Serial Channa

* Low-power dle and Power down Modes

* |rdesrupt Recovery from Power-down Mode

* Watchdog Timer

* Dual Doda Pointer

* Powar-off Flag

* Fast Programming Thie

* Fexible ISP Programming (Byte and Page Mode)

* Green (Ph/Halide-ree} Packaging Oplion

1. Description

The ATDSS52 is a low-powar, high-performance CMOS 8-bit micrccontroller with 8K
bytes of in-system programmable Flash memory, The device is manufactured using
Atmel's high-density nonvolatile memory technology and is compatible with the indus-
try-standand BOC51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-systemn or by a conventional nomvolatile memorny pro-
grammer, By combining a versatile 8-bit CPL) with in-system programmable Flash on
a monolithic chip, the Atmel ATBSS52 is a powerful microcontrofler which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT39552 provides the following standard features: 8K bytes of Flash, 258 byles
of RAM, 32 O lines, Watchdog timer, two data pointers, three 16-bit imer/counters, a
she-wector two-love! interrupt architecture, a full duplex sanal por, on-chip oscillator,
and clock circuitry. In addition, the ATBIS52 is designed with stafic lagic for operation
down to rero frequancy and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, imerfcounters, seral port, and
intorupt systom to continue funclioning. The Power-down mode saves the RAM con-
fents but freezes the oscillator, disabling all other chip functions until the next intermupt
ar hamdware mset.
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2. Pin Configurations
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4. Pin Description

41

4.2

4.3

4.4

4.5

4

vCC

GND

Port 0

Port 1

Port 2

Supply voltage.

Ground.

Part 0 is an 8-bit open drain bidirectional 1/0 port. As an output port, each pin can sink eight TTL
inputs. When 1s are written to porl 0 pins, the pins can be used as high-impedance inputs.

Port 0 can also be configurad to be the multiplexed low-order address/data bus during accesses
to external program and data memory. In this mode, PO has intemal pull-ups.

Fort 0 also receives the code bytes during Flash programming and oulputs the code bytes dur-
ing program verification. External pull-ups are required during program verification,

Port T is an 8-bit bidirectional "0 port with intemal pull-ups. The Porl 1 output butlers can
sink/source four TTL Inputs. When 15 are wrilten to Port 1 pins, they are pulled high by the inter
nal pull-ups and can be used as inputs. As Inputs, Port 1 pins that are extemally being pulled low
will source current (I, ) because of the intemal pull-ups.

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2 external count input

{P1.0/T2) and the timarcounter 2 trigger input (P1.1/T2EX), respectively, as shown In the follow-
ing table.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Pori Pin Alternate Functions

P10 T2 (external count input to Timer/Counter 2), clock-out

P14 TZEX (TimevCounter 2 capturaireload tigger and direciion corrol)
Fis MOS! (used for In-Syslem Programming)

P16 | MISO (usedior in-System Programming)

P1.7 SCK (used for In-System Programming)

Port 2 is an B-bit bidirectional IO port with intemal pull-ups. The Port 2 autput buffers can
sink/source four TTL inputs. When 1= are written to Port 2 pins, they are pulled high by tha intar-
nal pull-ups and can be used as inputs, As inputs, Port 2 pins that are extemally being pulled low
will source current (I, ) because of the intemal pull-ups.

Port 2 emits tha high-order address byte during fetches from extemal program memory and dur-
Ing accassas to extemnal data mamory that use 16-bit addresses (MOVX @ DPTR). In this
application. Port 2 uses strong internal pull-ups when emitting 15. During accesses to external
data mamory that use B-bit addressas (MOVX @ R, Port 2 emits the contents of the P2 Special
Function Ragister.

Port 2 also receives the high-order address bits and some control signals during Flash program-
ming and verification.

ARIECNCRO-20S
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4.6 Porl3
47 RST
4.8 ALE/PROG
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Fort 3 is an 8-hit bidiractional O port with internal pull-upe. The Port 3 output buffers can
sink/source four TTL inpute. When 15 ane written to Port 3 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low
will source cumrent {l, ) because of tha pull-ups,

Port 3 receives some control signals for Flash programming and verification.

Porl 3 also serves the functions of various special features of the ATB9552, as shawn in the fol-
lowing tabla.

Porl Pin ARermste Functions

Pag RXD (serial input port)

P3 TXD {sarfal output port)

P32 TNTO {mctemal intarmupt O) o
P33 THfT'(;:mF:w irteript 1)

Fa4 TO (tmier O external ingu)

3.5 T1 {limer 1 external input)

Pas W (enternal data memeory write strobe)

Faz AD (extemal data memory read strobe)

Reset input. A high on this pin for two machine cycles while the escillator is running resets the
device. This pin drives high for 98 oscillator periods after the Watchdog times out. The DISATO
bit in SFR AUXR (address BEH) can be used to disable this feature. In the dofault state of bit
DISATO, the RESET HHKGH out feature s enabled.

Address Latch Enable (ALE) is an output pulse for latching the low byte of tha address during
accesses 10 extemnal memory. This pin is also the program pulse input (PROG) during Flash
programmirg.

in normal operation, ALE is emitted at a constant rate ol 1/6 the osclllator frequency and may be
used lor extemal tming or clocking purposes. Nate, however, that one ALE pulse Is skipped dur-
ing each access to extemal data memaory.

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOYX or MOVG instruction. Otherwise, the pin is weakly pulled high.
Setting the ALE-disable bit has no effect if the microcontroller is in extemal sxecution moda.

ATMEL :




4.9

4.10

4.11

4.12

XTAL1

XTAL2

AImE}

Program Store Enable (PSEN] is the read stroba to axtemal program memory.

When the ATASS52 is execining code from extemal program memory, PSEN s activated twice
each machine cycle, except that two FSEN activations are skipped during each acress to axtor-
nal data memaory.

External Access Enable. EA must be strapped to GND in order 1o enable the device 1o fetch
code trom external program memory locations starting at 0000H up o FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be intemally latched on reset.

EZ should be strapped to Ve for intemal program executions.
This pin also receives the 12-volt programming enable voltage (V e} during Flash programming.

Input 1o the inverting oscillator amphifier and input to the intermal clock operating circuit.

Output from the inverting oscillatar amplitier.

5. Special Function Registers

L

A map of the on-chip memory area called the Special Function Rogistor (SFH) space is shown in
Tatie 5-1,

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Aead accesses o these addresses will in general retum random data, and
write accesses will have an indaterminate affect.

User software should not wite 15 to these unfisted locations, since they may be used In futune
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0,

Timer 2 Registers: Contral and status bits are contained in registers TACON (shown in Table 5-
2) and TEMOD (shown in Table 10-2) for Timer 2. The register pair (RCAFP2H, RCAFP2L) are the
Capture/Reload registers for Timer 2 in 16-bit capiure mode or 16-bit auto-reload meode.

Interrupt Registers: The individual interrupt enabla bits are in the IE register. Two prioftles can
be set for each of the six interrupt sources in the IP register.

ATAGERT peeer e e e e
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Table 5-1.  AT89552 SFR Map and Reset Values

OFaM OFFH
OFoH 2 B i
CO0DOCOD
OERH OEFH
ACC
oEnM | o SR GETH
ODEH QOFH
PoW =
DDOH oDTH
00000000
ocan | TPCOM T2MOD ACAPL RCAPZH L2 TH2 N
00000000 | XODOMOD | 00000000 DODDOODD | DOOODDOO | 0OG00000 e
OG0 |I DCTH
e |
0B8H i 0ard
% :nmuunnn |
OEHIH 11111911 i
OASH IE ) QAFH
000000
P2 AiRA WDTRST B
0ADH | fqq19111 XIOOCEKRXD KEKKIKRK L
SCON |  SBUF 'hw
T | 00000000 | xo000000c l o
P -
TH | J ‘ } . oTH
. NPT N —— 1
oM | TCON TMOD | TG ‘ B THO THA | ALDR
| 00000000 | 00000000 |  GO0DOOGO | 00000000 | 0O0DDOCD | 00000000 | XXXDOXXO B
P PO &P DPoL NPOH DRI OP1H | PCON | o
L 111111 | 00000119 00000000 00000000 | 00OODOOD | DOCO00OD | 0XXX0000
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Table 5-2.  T2CON - TimesCounter 2 Control Register
T2CON Address = 0C8H Resat Value = 0000 00008
Bit Addressable
= TF2 EXF2 RCLK TCLK EXEN2 TR oz CHRLZ
7 6 5 | 4 3 2 1 0
Symbal | Function
TF2 Timar 2 overfiow Hag set by a Timer 2 cverflow and must be cleared by softwars. TF2 will not be set when either BCLK = 1
or TOLK =1. =
Timer 2 extarnal flag set when afther 4 capture of reload is caused by a negative trangition on TZEX and EXEN2 =1,
EXF2 mnmmzmﬂmumm.ﬂm=1mmmmmmmmmwehWMm.Eﬁmmmm
cleared by software. EXF2 does not cause an intermupt in upvdown counter mode (DCEN = 1).
ROLK Hm-.raductam.mmsatmmmmmmezmﬂwpﬂmhiﬁmmmmdmm
Modes 1 and 3. ACLK = 0 causes Timer 1 overfiow 1o be used for the recehe clock,
TOLK Tr:mtrutdmkmhb.Whnnsat.mwesﬂmmupoﬂmmrmrzmﬁhwptmrmitsummnnc.lmltmsemfpnn
Modas 1 amd 3. TOLK = 0 causes Timer 1 overflows to be wsad for the ransmit clock
EXEN2 Thn-a-rzmarnalanm.wmﬂmt,ahmampnnmmmmrmafmﬁlamgm transition on T2EX # Timer
§ 2 s not being used to clock the serial port. EXENZ = 0 causes Timer 2 (o ignore events at T2EX,
TR2 StartStop control for Timer 2. TR2 = 1 starte the thmer
Loy ) Timer or counter select for Timer 2, G/TZ = 0 for timer function. G/TZ = 1 for external event countar (falling edge triggarad).
Caplure/Reload solect CP/RLZ = 1 causes caplures ko occur on negative transitions at T2EX if EXENZ = 1. CPALZ =0
CPALZ | causes automatc reloads to occur when Timer 2 overfiows or negative transiions occur al T2EX when EXENZ = 1. When
either RCLK or TCLK = 1, this bit is ignored and the imer is farced to auto-redoad on Timer 2 overtiow.
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Talde 5-3. AUXHA: Auxiliary Rogister

BLIXA Addmes = BEH Reset Value = ¥XX00XXDE
Mol Bl Addressabla
- . - WODIOLE | DISHATO - - DISALE
| Bit T B 5 4 3 2 1 0

i Resarved lor future expansion
DISALE Disable/Enatdie ALE
DISALE Operating Mode

1 ALE s emitied at a constant rate of 1/8 the oscillator frequency

1 ALE is active only during 8 MOVX or MOVG instnuction
DISATO Digable/Enable Reset out

DISATO

0 Reset pin Is driven High afiar WDT times out

1 Reset pin is input only
WDIDLE Disabbe/Enable WDT in IDLE mode

WDDLE

0 WDT continues 1o count in IDLE mode

1 WDT hatte counting in IDLE mode

Duel Data Pointer Registers: To facilitate accessing both internal and external data memory, twa banks of 16-bil Data
Fointer Registers are provided: DPO at SFR address locations B2H-83H and DP1 at B4H-85H. Bit DPS =0 n SFR ALIXR1
selects DPQ and DPS = 1 selects DP1. The user should ALWAYS initialize the DPS bit to the appropriate value before
accessing the respective Data Pointer Register.

Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON 5FR. POF is set to “1” during power
up. It can be set and rest under software control and is not affected by reset.

Table 5-4. ALUXRAT: Auxiliary Register 1

AUXRN Address = AZH Reset Value = XXXXOOM0B
Mot Bit Addrassable
o - s e - =
gt| 7 6 5 4 3 P 1 0

- Reserved for future expansion

DPS Data Pointor Register Select
DPS
0 EBelects DPTH Registers DPOL, DPOH

1 Selects DPTH Hegisters DPIL, DP1H

AlNEL o
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6. Memory Organization

MCS-51 devices have a separate address space for Program and Data Memory. Up to 84K
bytas each of external Program and Data Mamory can be addressed.

6.1 Program Memory
t the EA pin is connected 10 GND. all program fetches are directad to external memory.

On the AT82552, if EA is connected 1o V. program fetches to addresses 0000H through
1FFFH are directed Yo inlemal memory and fetches 1o addresses 2000H through FFFFH are to
external mamony.

6.2 Data Memory

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a parallel
address space to the Special Function Regisiers. This means that the upper 128 bytes have the
samo addrasses as the SFR space but are physically separate from SFR space.

When an instniction accesses an intemal location above address 7FH, the address mode used
in the instruction specifies whether the CPU accesses the upper 128 bytes of RAM or the SFR
space. Insiructions which use direct addressing access the SFA space.

For example, the following direcl addressing instruction accesses the SFR al location 0ADH
{which 1z P2).

MOV DAQH. #data

Instructions that use indirect addrassing access the upper 128 bytes of RAM. For exampla, the
following indirect addressing instruction, where R0 cantaing DADH, accesses the data byte at
address 0AOH, rather than F2 {whose addrass is 0ADH).

MOV @R0, 8cdata
hote that stack operations are exampiles of indirect addressing, so the upper 128 bytoe of data
RAM ara availabla as stack space.

7. Waichdog Timer (One-time Enabled with Reset-out)

The WDT Is intended as a recovery method in situations where the CPU may be subjected 1o
software upseis. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
{WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must wiite 01EH and 0E1H in sequence to the WDTRST register (SFA location 0AGH). When
the WDT Is enabled, it will increment evary machine cycle while the osclllator Is running, The
WODT timeout period is dependent on the extemal clock frequency. There is no way to disable
the WDT except through reset (either hardware resat or WOT overfiow reset). When WDT over-
flows, it will drive an cutpul RESET HIGH pulse at the RST pin.

7.1  Using the WDT
To anable tha WDT, a user must write 01EH and OETH in sequence to the WDTRST register
{5FR location DAGH). Whan the WDT is enabled, the user needs to semvice it by writing 01EH
and DETH to WDTRST o avoid 2 WDT overflow. The 14-hit counter overflows when it reaches
16383 [AFFFH), and thiz will rosat tha device. Whan the WDT is enahled, it will increment every
machine cycle while the oscillator is running. This means the user must reset the WDT at loast
every 16383 machine cycles. To reset the WDT the user must write 01EH and 0E1H to
WOTRST. WDTRST is a write-only regisier. The WOT counter cannot be read or written. When

10 I S e R
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WOT overflows, it will generate an output RESET pulss at the BST pin. The RESET pulse durs-
tion is 98xTOSC, whera TOSC = 1/FOSC. To make the bast use of the WDT, it shauld be
senviced in those sections of code that will peradically be axacuted within the time required to
prevent & WDOT nasat.

7.2  WDT During Power-down and Idle

B. UART

9. TimerOand1

15 M CRO-- 0

in Power-down mode the oscillator stops, which means the WOT also stops. While in Power
down mede, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware resel or via a level-activated external imerrupt which is
enabled prior to enlering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as H normally does whenever the ATBE552 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the osclllator to stabilize, When the interrupt 1s brought high, the interrupt is senviced. To prevent
the WDT from resefting the device while the interrupt pin Is held low, the WDT is not started unti)
the interrupt is pulled high. It is suggested that the WDT be reset during the interupt service tor
the interrupt used to axit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it is best to
reset the WDT just before enterdng Power-down mode.

Before going irto the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT confinues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = ()
as the default stals. To prevent the WDT krom reseting the AT88552 while in IDLE mode, the
user should always sat up a timer that will periodically exit IDLE, senvica the WDT, and eenter
IDLE mada.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and rasumas the count
upon exit from IDLE.

The UART in the ATBSS52 operates the same way as the UART in the AT89C51 and ATBSCS52.
For further infomation on the UART operation, please dlick on the document fink below:

hittp:fwww. atmel.com/dyniresources/prod_documents DGC43168.FPDF

Timer 0 and Timer 1 in the ATB3S552 pperate the same way as Timer 0 and Timer 1 in the
ATBICSHY and ATRSCS52. For further information on the timers’ operation, please click on the
document link below:

hitp:fwwew.atmel. comithyn/resources/prod_documentsDOC4316.PDF
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10. Timer 2

m_

A ST

Timer 2 i g 16-bit TimerCountar that can operate as sither a imer or an event counter. The
type of operation is selected by bit C/T2 in the SFR T2CON {shown in Table 5-2]. Timer 2 hag
three operating modes: capture, auto-raload (up or down counting), and baud rate generator.
The modes are salected by bits in T2CON, as shown in Tabla 10-1. Timer 2 consists of bwo 8-bit
registers, TH2 and TL2. in the Timer function, the TL2 rogister is incremented every maching
cycle. Since a machine eycle congiste of 12 oscillator periods, the count rale is 112 of the oscil-
lator frequency.

Table 10-1. Timer 2 Operating Modes

RCLK «TCLK CPRLD TR2 MODE
0 1] 1 16-bit Auto-reload
) 1 1 16-bit Capture
i X 1 Baud Rate Generator
L X x il o {Off) -

in the Counter function, the register is ncremanted in response o a 1-to-0 transktion at its come-
sponding external input pin, T2, In this function, the extemal input is sampled during 55P2 of
every machine cycle. ¥When the samples show a high in one cycle and a low in the next cycle,
the count iz incremerted. The new court value appears in the regisier during S3P 1 of the cycle
following the one in which the transition was delecled. Since two machine cycles (24 oscillator
perlods) are required to recognize a 1-to-0 transition, the maximum count rate is 1/24 of the
osciliator frequency. To ensure that a given level is sampled al least once before it changes., the
level should be held for at least one full machine cycle.

10.1 Capture Mode

In the capture mode, two options are selecled by bit EXEN2 in T2CON,  EXEN2 =0, Timer 2 iz
a 16-bit timer or counter which upon overflow sets bit TF2 in T2CONM. This bit can than ba used
ta generate an interupt. If EXENZ = 1, Timer 2 performs the same operation, but a 1-ta-0 transi-
tion at extarnal input TZEX also causes the current value in TH2 and TL2 to be capturad into
RCAP2H and RCAP2L, respectively. In addition, the transition at T2EX causes bit EXF2 in
T2CON 1o be set. The EXE2 bit, like TF2, can generate an interrupt, The capture mode is (fus-
trated in Figure 10-1.

10.2 Auto-reload (Up or Down Counter)

Timer 2 can be programimed to count up or down when configured in its 16-bit auto-reload
made. This leature is invoked by the DCEN (Down Counter Enalbile) bil located in the SFR
TeMOD (see Table 10-2). Upon reset, the DGEN bit {5 set to O so that imear 2 will dalault to
count up. When DCEN is set, Timer 2 can count up or down, depending on the value of the
T2EX pin.

12 AT R o
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Figure 10-1. Timer in Capture Mode
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Table 10-2. T2MOD — Timer 2 Mode Control Register
T2MOD Addrass = (COH Reset Valua = X3XX XX008
Mot Bit Addressabie
R - | - - 720 | DCEN
Bit T L 5 q 3 E s 1 L4] !
Symbol Function _
- Mot implemeanted, resensed for futune
T20E Timer 2 Output Enabie bit
I:II:EN When sal, this bit alews Timer 2 o bo configunad & an upvdlown courter

Figure 10-2 shows Timer 2 automatically counting up when DCGEN = 0. In this mode, two options
are selected by bit EXENZ in T2CON. f EXENZ = @, Timer 2 counts up to OFFFFH and then sots
the TF2 bit upon overflow. The overflow alsa causes the timer registers to be reloaded with the
16-bit value In RCAP2H and RCAP2L. The values in Timer in Capture ModeRCAP2H and
RCAP2ZL are preset by software, if EXEN2 = 1, & 16-bit reload can be triggered either by an
overflow or by & 1-to-0 transition al external input T2EX. This transition also sets the EXF2 bit.
Both the TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEM bit enables Timer 2 to count up or down, as shown in Figure 10-2. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2 count
up. The fimer will everflow at OFFFFH and set the TF2 bit. This overflow also causes the 16-bit
value in RCAF2H and RCAPZL to be reloaded into the timer registers, TH2 and TL2,
respectively,

A jogic O at T2EX makas Timer 2 count down. The timer underflows when TH2 and TL2 equal
the values stored in ACAP2H and RCAP2L. The underficw sets the TF2 bit and causes 0OFFFFH
to be reloaded imo the imer registers.

The EXF2 bit toggies whenever Timer 2 averflows or underflows and can be used as a 17th bit
ot resolution. In this operaling mode, EXF2 does not flag an interrupt.

ATMEL "
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Figure 10-2. Timer 2 Auto Reload Mode (DCEN = ()
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11. Baud Rate Generator

Timer 2 Is selected as the baud rate generator by setting TGLK andfor RGLK In T2GON (Table
5-2). Note that the beud rates for transmit and receive can be diffarent f Timer 2 is used for tha
raceiver of transmitter and Timer 1 Is used for the other function. Setting BCLK and/or TGLK
puts Timer 2 into its baud rate generator moda, as shown in Figure 11-1.

The baud rate generator moda is similar ta the auto-reload moda, in that a roflover in TH2
causes the Timer 2 registers to be reloaded with the 16-bit value in registers ACAP2H and
RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2's overflow rate according Lo the fol-
lowing equation.

Modes 1 and 2 Baud Rates = Lmer 2 Overflow Rate
16

The Timer can be configured for sither imer or counter aperation. In most applcations, it is con-
figured for timer operation (CP/T2 = 0). The timer operation is different lor Timer 2 when it s
used as a baud rate generator. Normally, as a timer, it increments every machine cycle {at 1/12
the osciltatar frequency). As a baud rate generator, however, it increments avery state time (at
1/2 the oscillator frequancy). The baud rate formula Is given below.

Modes 1 and3 _ Oscillator Frequency
Baud Rate 32 x [85536-RCAP2H RCAP2L))

where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L taken as a 16-bit unsigned
integer.

Timer 2 as a bavud rate generalor is shown in Figure 11-1. This figure is valid only if RCLK or
TCLK = 11n T2CON. Note that a roliover in TH2 does not set TF2 and will not generate an inter-
rupt. Mote too, that f EXEN2 iz 2at, 2 1-10-0 transition in T2EX will set EXF2 bitt will not couse a
reload trom (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer 2 is in use as a baud rate
generator, T2EX can be used as an extra extomal intermupt.

Note that when Timer 2 is unning (TR2 = 1) as a timer in the baud rate generator mode, TH2 or
TL2 should nat be read from or written to. Under these conditions, the Timer is incremented
evary state lime, and the resulis of 8 read or write may not be accurate. The RCAPZ2 registers
may be read but should not be written to, because a wrile might overtap a reload and causa
write andfor reload emors. The timer should be turned off {cdear TR2) hetore accessing the Timer
2 or RGAPZ registars.

ATEL 1
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Figure 11-1. Timer 2 in Baud Rale Generator Mode
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12. Programmable Clock Out

A 50% duty cycle clack can ba programmed to come out on P1.0, as shown in Figure 12-1. This
pin, besides being a reguiar O pin, has two alternate functions. It can be programmed to fnput
the extemal clock for Timer/Counter 2 or to output a 50% duty cycle clock ranging from 61 Hz to
4 MHz {lor a 16-MHz operating froquency).

To canfigure the Timer/Courter 2 as a clock generator, bit C/TZ (T2C0ON 1) must be dearad and
bit T2OE (T2MOD 1) must be sat. Bit TR2 (T2CON.2) starts and stops the timer.

The dloch-out frequency depends on the oscillator frequency and the raload vaiue of Timer 2
caplure registers (RCAP2H, RCAP2L), as shown in the following eguation.

Oscillator F

Clock-Out Frequency = 4 x [65536{RCAPZH RCAP2L)]

In the clock-out mode, Timer 2 rofi-overs will not generale an imterrupt. This behavior s simitar 1o
when Timer 2 is used as a baud-rate generator, It is possible 1o use Timer 2 as a baud-rale gen-
erator and a clock generator simultanecusly. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one another since they both use
RCAPZH and RCAP2L.

16 AT39$52 T e e
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Figure 12-1. Timer 2 in Clock-Out Mode
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13. Interrupts

The ATB9S52 has a total of six interupt vectors: two extemal imterrupts (INTO and TNTT), three
timer interrupts (Timers 0, 1, and 2), and the serial port interrupt. These interrupts are aff shown
in Figure 13-1.

Each of theze interrupt sources can be individually enabled or disabled by sefting or clearing a

bit in Special Function Register IE. IE also contains a global disable bit, EA, which disables all
intermipts at once.

Note that Table 13-1 shows that bit position IE.6 iz unimplemented. User softwars should not
write a 1 to this bit position, since it may be used in future ATES products.

Timer 2 interrupl is generated by the logical OR of bits TF2 and EXF2 in register T2CON. Nei-
ther of these flags is cleared by hardware when the servica routine is vectored to. In fact, the
service routine may have to determine whethaer it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in softwara.

The Timer 0 and Timer 1 flags, TFO and TF1, are sai at S5P2 of the cycle in which the timers
overfiow. The values are then pollad by the circuitry in the next eycle. Howaver, the Timer 2 flag,
TFZ, is set at 52P2 and is pofled in The same cycle in which the timer overfiows.

"IEI. 17
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Table 13-1.  Interrupt Enable {IE) Register
MSB) B L8y |
[ A | - | ev2 | es Tt EXt ETO | Exo

Enaiske Bt = 1 enables the inlprrupt

Enable Bit = 0 disables the inermupd.
Symbaol Position Function
= &7 Disables el intesrupts. If EA = 0, no Interrupt is acknowledged. If EA = 1, sach

interupt source is individually enabled or disabled by setfing of clearing its enabla bit

- IE6 ' Resarved. -
ET2 IE5 Timer 2 intermupt enable bil.
ES E4 Serial Port intermupt enable bit
ET4 ] E3 Timer 1 inlerrupt enatie bil .
EXA - IE2 External intermupt 1 enable bt B
ETo IE.A Timer 0 interrupl enable bit.
EX0 IE0 | Externatintorupt 0 snable bt

User software should never wiile 15 1o reserved bits, bacause they may be used in future ATES products.

Figure 13-1. Internupt Sourcos
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14. Oscillator Characteristics

15. idle Mode

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 16-1. Either a quartz crystal or
caramic resonator may be used. To drive tha device from an external clock source, XTAL2
should be left unconnectad while XTAL1 is driven, as shown in Figure 16-2. There are no
requirements on the duty cycla of the external clock signal, since the input to the intemal clock-
ing cireuitry I8 through a divide-by-two fiip-flop, but minimum and maximumn voltage high and low
time specifications must be obearved.

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remazin active, The
mode is invoked by softwars. The content of the on-chip RAM and all the special functions regis-
ters remain unchanged during this mode. The Idie made can be terminated by any enabiled
intermupt or by a hardware resat.

Note that when idle mode is terminated by a hardware resel, the device nomally resumes pro-
gram execution from where it left off, up 1o two machine cycles before the Internal reset
algorithm takes control. On-chip hardware inhibits access 1o intemal AAM in this event. bt
access lo the port pins is not inhibited. To eliminate the possibility ol an unexpected wiite 1o a
port pin when idle mode is terminated by a resel, the instruction following the one Ihat Invokes
idle mode should not write to a port pin or to extemal memory.

16. Power-down Mode

17— MICRHO-305

In the Power-down mode, the osclilator is stopped, and the instruction that invokes Power-cown
Is the last instruction executed. The on-chip RAM and Special Function Registars rotain their
vakies untl the Power-down mode is lerminated. Exit from Power-down mode can be initiated
elther by a hardware reset or by an enabled exiemsa! interrupt. Aeset redefines the SFRg but
does not change the on-chip HAM. The reset should not be activated before Ve is restored 1o
its normat aparating level and must be held active long snowgh to allow the oscillator to restant
and stabilize.

Figure 16-1. Oscillator Gonnections
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)
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=
Mote: 1, C1.C2 = 30 pF 10 pF for Crystals

40 pF + 10 pF lor Commic Resonators
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Figure 16-2. External Clack Drive Configuration
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Table 168-1.  Status of Extemal Pins During ldle and Power-down Modes

Frogram
Mo Memory ALE PSENM | PORTO | PORT1 | PORT2 | PORT2
ldle _ Intarmal 1 1 Data Data Data Data
Idle | External 1 1 Float Data Addraes Data
Power-down | Intermal o | o Data | Data Data Data
Power-down External 0 Foat Data Data Data |

17. Program Memory Lock Bits

The AT88352 has three lock bits that can be left unprogrammed (U) or can be programmed ]
to obiain the additional features listed in Table 17-1.

Table 17-1. Lock Bit Protection Modes

Program Lock Bis
LB1 LB?  LB3 | Profection Type

1 u u U N program lock fegtures
MOVYC instructions executed from extarnal program memony

a P u U are disabled from fetching code byles from internal memory, EA
is eampled and latehed on eset, and further programming of
the Flash memory is disabled

u Sarme as mode 2, but verify ks also disabled
e
F P P Game as mode 3, bul external execution is aleo dicabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched duning reset.
If the device is powerad up without a reset, the latch initializes to a random value and holds that
value until reset Is activated, The latched value of EA must agree with the current logic level at
that pin in order for the device to function property.

20 ATEGLED r————— e e e e m——
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18. Programming the Flash — Paraliel Mode

ANBC-MICRAC- 308

The ATE8S52 is shipped with the on-chip Flash memory array ready to be programmed. The

pragramming interface needs a high-voltage {12-volt) program enabie signal and is compatibie
with conventional third-party Flash or EPROM programmers.

The ATBA552 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89552, the address, data, and control
signais shauld ba set up according to the "Flash Programming Modas" (Table 22-1) and Figure
22-1 and Figure 22-2. To program the AT89S52, take the following steps:

input the desired memary location on the address lines.

Input the appropriate data byte on the data lines.

Activale the comect combination of control signals.

Raisa EAN . to 12V

Pulse ALE/PROG once to program a byte In the Flash amay or the lock bits. The byte-
write cycle is selltimed and typically lakes no more than 50 ps. Pepeat steps 1

through 5, changing the address and data for the enfire array or until the end of the

object file & reached.

Data Polling: The AT83552 features Dala Polling to indicate the end of a byte write cycle. Dur-
ing a wiite cycle, an attempted read of the last byte wiitter: will resull in the complement of the
wifiten data on P0.7. Once the wrile cycle has been completed, tnue data is valid on all outputs,
and the next cycle may begin, Data Polling may begin any time after a write eycle has been
initiated.

Ready/Busy: The progress of byte programming can also be monitored by the RDY/ESY output
signal. P3.0 Is pulled low after ALE goes high during programming to indicate BUSY. F3.0 is
pulled high again when programming is done to indicate READY.

Program Verity: If lock bits LBt and LB2 have not been programmed, the programmed code
dala can be read back via the address and data lines lor verfication. The status of the individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedurs as a nor-
mal verification of locations 000H, 100H, and 200H. except that P3.6 and P3.7 must be pulled to
a logic low. The values retumed are as follows,

{000H) = 1EH indicates mamdtactured by Atmel
(100H) = 52H indicates ATB0S52
{200H} = DEH

Chip Erase: In the paraliel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALEFROG low for a duration of 200 ps -
500 ns.

In the serial prograrmming mode, a chip erase operation is initiated by Issuing the Chip Erase
instruction. In this mode, chip erase ls self-firmed and takes about 500 ms.

During chip erase. a setial read from any address location will returm 00H at the data cutput.

LI .
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19. Programming the Flash — Serial Mode

The Code memory anay can be programmed using the serdal ISP interface while RST s pulled
to Vi, The senal interface consists of pins SCK, MOSB! (input) and MISO (output). Atter RST is
set high, the Programming Enable instruction needs to be exetuled first before other operations
can be executed. Before a reprogramming sequence can ocour, a Chip Erase operatlon s
required.

The Chip Erase operation tums the content of every memory location in the Code amay into
FFH.

Either an extemal systomn clock can be suppfied at pin XTAL1 or a crystal nesds to be connected
across pins XTALT and XTALZ. The maximum seral dock (SCK) frequency should be less than
1716 of the crystal froquency. With a 33 MHz oscilfator clock, the maximum SCK frequency is
2 MHz.

20. Serial Programming Algorithm

To program and verify the ATBISS2 in the serial programming mode, tha following sequence iz
recommendedt

1. Power-up seguence:;
& Apply power between WCC and GND pins.
b. Set AST pinto "H".
IF a crystal is not connected acress ping XTAL1 and XTAL2, apply a2 3 MHz 1o 33 MHz clock 1o
XTAL1 pin and wait for at least 10 milllseconds.
2. Enable serial programming by sending the Programming Enable serial mstruction to pin

MOSLP1.5. The frequency of the shift clock supplied at pin SCR/P1.7 needs o ba less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in sither the Byte or Page mode. The
write cyche is seli-timed and typically takes less than 0.5 ms at 5V,
4,  Any memory location can be verfied by using the Read instrucdon which ratums the
corttent al the selected address at serial output MISOYP1.6.
5. Atthe end of a progmmming session, RST can be set low to commence normal devica
operation,
Power-off sequence (if needed):
1. Set XTAL1 to"L” (f a crystal is not used).
2. BetRET o
3. Tum Vo power off.
Data Poliing: The Dala Polling feature is also available in the serial mode. In this mode, during
a write cyche an attemnpled read of the last byte wiitten will result in the complement of the MSB
of the serial cutput byte on MISO.

21. Serial Programming Instruction Set

22

Tha Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 24-1,

ATESTET ree e g s
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22. Programming Interface — Parallel Mode

Every code byte in the Flash array ean be programmed by using the appropriate combination of
control signals. The write oparation cyde is self-timed and ancs inifiated, will aitomalically time
itsalf to complation.

Most major worldwide programming vendors offer support for the Atrel AT89 microcontroller
seres. Plaass contact your local programming vendor for the appropriste software revision,

Table 22-1.  Flash Programming Modes

i Bk T posg | F280 | Pi7o
Mide Ve. | RST | PSEN | PROG L P25 | P2T | P33 | PS5 | PAT Data Address
(o]
Wiie CodeData | 5V | H L 12v L H H H H D A28 | Ao
o = I o
Read CodeDala | 5V | H L H H L L L H H O | #128 | A70
i
Bit 1 L H H H
wma: Lok v | H Sl Y H | H X X X
L]
Wrike Lok BRZ | & | M Lo | v H H H L L X x X
A
Wiite Lock B3 | sV | M S I H L H H L X X X
Po2,
e b o of g L H H Hiw | v| n| vl pog ¥ %
.2,3 { PO.A
M
Chip Erase WO OH R P 4 L H L L X X X
Flesd Atmel ID | M L H H L L L L L tEH | Xoooo | ooM
Read Device 10 | sv | H L H H L L L L L seH | xoom | ooM
FeadDevice 0 | sV | H L H H L L L L L oeH | xooio | ool

MNotes: 1. Each PROG pulss is 200 ne - 500 na for Chip Emse.
2. Each PROG pulse Is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Wiite Lock Bits,
4. ROVY/ESY signal ie output on P2.0 during programming.
3, X = don't cara.

ANREL “
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Figure 22-1, Pregramming the Flash Memory (Parallel Mode)

Figure 22-2.
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23. Flash Programming and Verification Characteristics (Parallel Maode)
Ty =20°C to 30°C, Voo = 4.5 10 5.5V

Symbal Pammeter Min Max Units

Vep Programming Supply Voltage 115 125 v

g Programming Supply Current . 10 mA |

e Vg Supply Current 30 mA
_1|"1;¢;_.:L C}H:IIHD; Frequency a i a3 MHz

B Address Setup 1o PROG Low aBlye

Lapax Address Hold Ater PROG B icin ]

toveL Data Setup to PROG Low AB L o

Kok Datn Hold After PRGG Blam |

Kiiusis P2 7 (ENABLE) Highto Ve 4By I

- Vop Setup to PROG Low 10 s

Yeaiai "-F,_,F Hold After PROG 10 ]

Lo oy Fﬁ'ﬂi{ﬂ;‘l . 0z 1 3

i Address to Data Vakid ] 48 Loy |

t;:u.-.,- EMABLE Low 1o Data Valif Bt

tm;} Data Fioat Alier ENABLE o 4&1,;;;

Yiimi PROG High to BUSY Low 10 jis
|/t Byte Wrte Cycle Time s s
Figure 23-1. Flash Programming and Veerification Waveforms — Paraliel Mode

50E i PROGRAMMING VERIFICATION
P20 - P24 : ADDRESS Zj ADDBESS »——
= Ly
PORT 0 p DATA 1N N DATA OUT _p———
hoes v lewox il I
ALEPROG N A
Long * ,_hm_,_'—‘l lanst
|
O e okiaSbtmtan et - -1 p—
- _‘I -“"' leran . L j[ — 10z
(ENABLE) /! N
P30
(ROV/BSY) BUSY READY
1"‘3
25
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Figure 23-2. Flash Memory Serial Downloading
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24. Flash Programming and Verification Waveforms - Serial Mode

Figure 24-1. Serial Programming Waveloms
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Table 24-1.  Serial Programming Instruction Set
fstruction
Format
Instruction Byts 1 Byte 2 Byte 3 Byte 4 Cperation
1010 1400 0104 D044 WK e W 3000
' ai10 1001 Enable Serial Programming
Froaaninng Erable (Qutput on while RST is high
ey MISO)
Chip Erase 1040 1100 100 ey OO0 000K WEEY  XHHX ::;Emse!:hshmermry
Read Frogram Memary | 0010 0000 e M=) L TSR 5853 8358 | Read data from Program
{Byta Mode} « <z mamory in the byte moda
Writa Program Memory | 0100 0000 0cx . mons Lemd oone ORAn BSRE | Wrile data to Program
(Byte Mode) e mermary in the byte moda
Wirkte Lok Bis'™ 1010 1100 I Mna 000 o0 KOX X000 Write Lock bits. Sea Note (1)
0o 000 WK K WO I000E mg %m Read back cument status of
Read Lock Bits e lock bits (8 programmad
- B _ lock bit reads back &85 3 “17)
Read Signature Bytes | 0010 1000 U b B Signature Byla | oo Sinature Byta
D011 DOOD wx T O Byte O Byle 1. Read data trom Program
ﬁ,ﬁi‘mmmm < *x Byla 255 memory in the Page Mode
(256 bytes)
ol o000 Xy Byte 0 Byte 1... Write data to Program
e -4
Wit Fyog o Mardry T =t Byte 255 memory in the Page Mode
{FPage Mode) (256 yles)
Note: 1. B1=0 B2=0D-—>Maode 1, no lock pmiection

B1=082=1-->Mode 2, lock bit 1 activated
B1=1, B2 =0--= Mode 3, ock bt 2 activated

Each of the lock bit modes needs 10 be aciivated sequentialy
bafore Mode 4 can be executed.

Bi=1 B2=1—=Mode 4, lock bit 3 activated

ASC-AICRD-AI05

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to
clock in the enable data bytes. No pulsing of Reset signal s necessary, SCK should be no faster
than 116 of the systam clock at XTAL1.

For Page ReadWrite, the data always stants from byte 0 to 255. After the command byte and
upper address byte are latched, sach byte thereaher is treated as data until all 256 bytes are
shifted infout. Then the next instruction will ba ready to be decoded.

ATmEL g
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Figure 25-1. Sarial Programming Timing

25. Serial Programming Characteristics
MOCSEI >

tovsH leste }Eum%
so AN Y

mso X ><_?>.Igu

Table 25-1.  Seral Programming Characteristics, Ty, = 40°C to 85°C, Ve = 4.0 - 5.5V (Uniess Otherwise Noted)

[y ';"'\‘

Symbol Parametes | Min L Typ Max Units
AgoL Qaciltator Frequency 3 a3 WHz

‘g, | Oscilator Pariod < y a0 . ) I ns i
ot SCK Puise Width High BV ns

o SCK Puise Width Low 8 tesn na

vt MOSI Setup to SCK High R N ha

Vg MOSI Hold after SCK High 2 ey ns

By SCK Low to MISO Valid 0 16 az ns
terase Chip Erase ;n;mm‘tm Cycle Time 500 ms

T Sesial Byte Write Cycle Tine | 64 tey ey + 400 pe
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26. Absolute Maximum Ratings*

Operating Temperairg....... ... “55°C 10 +125°C *NOTICE:  Siresses beyond those listed under “Absolute
Maximumn Ratings” may causs parmanant dam-

Slorage TempamEtlng ..., 500 0415000 608 fo the device. This is a stress mting onfy and
functional operation of the device at these or ary

Voltage on Any Pin other conditions beyond those indicatad In the

with Respect 10 Ground ... 1.0V 100470V operational sactions of this specification iz not

: inptied, Exposure to absolute maximum @iing

Maximum Operating Voltage ... ... .GE6V conditions for extended parfods may affect

devica reliabil

27. DC Characteristics
The values shown in this table are valid for T, = 40°C to 85°C and V. = 4.0V to 5.5V, unless otherwise noted.

Symbol Paramater Condition in Max e
Vi Input Law Voltaga (Except EX) 0.5 0.2 Vg0l v
Vai Input Losw Voltage (EA) £5 02V 03 v
Vi Ingu High Vollage - | (Ecept XTALL, RST) 0.2V 0.9 Vet08 v
Vi Input High Voltage | pCTALY, BST) 07 Ve VeotDS v
Vi Ouprist Lewe Violtage!™ (Poate 1.23) | 1 = 18mA 0.45 v
Vg m}&' p—"'sm““; Loy - A2 mA 0.45 v
i lop= B0 WA, Vo = 5V + 10% KN 24 v
Vo ngwm] o= 26 i B 0.75 Ve v
— Lo =-10 4A 08 Ve v
l,,.i:-némpn,vmﬁvnmc. 24 v ]
Vi m ﬁﬁ:}ﬁm I op = <300 ik 075 Ver v
I ki = -B0 pA 08 Voo v
ly Logieal 8 Input Current {Ports 1.23) | Vg = 045V 50 A
In Lmij;g]“ Temsian v monk Vg = 2V, Vg =5V + 10% 300 BA
_L_.; - Irnpl.-u_anuma Curread (Port 0, EA) | 045 < V=¥ ' +10 b
(RRST Reset Pulidown Rosistor 50 300 Ko
Car Py Capatiance Test Freq. = 1 MHz, Ty = 25°C I B oF
Aciive Mode, 12 MHz 25 (.}
Powrar Supply Cument
e Idle Mode, 12 MHz 8.5 mA
Posor-down Moda'" Vo = 5.5V &0 P

Motes: 1. Under etaady state (non-trangient) concitions, |, mist be exiemally mited as follows:
Maximumn I, per port pin: 10 mA
Maimum by, per B-bit port:
Port O 26 mA Forte 1, 2, 2 15 mA
Maximum total I for all autput pirs:; 71 mA
Ity excesds the test condibion, Vi, may exceed the relaled specification. Ping are not guaranteed o sink curment greater
tham the leted test conditions.
2. Mindmum Yep for Power-down is 2V

ANMEL »
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28. AC Characteristics

Under operating conditions, load capacitance for Pon 0, ALE/PROG, and BSEN = 100 pE; load capacitance for all other
outpuls = B0 pF,

28.1 External Program and Data Memory Characteristics

| 12MHzOsclllstor | Variable Osciliator
Symbol | Parameter [ min | Max | Max Units
W Oscillatar Frequency 1 ' a 33 MHz
W | ALE Pulse Width ) 127 By 40 -
b Address Vafid to ALE Low 43 _ leres 25 ne
Wiax | Address Hod After ALE Low 8 ol | ns
(. ALE Low 10 Valid Instrustion In ' 233 A, 65 ne
qtm..L ALE Low to PSEN Lnw 43 ey 25 ns
loeey PEEN Puise Witih on5 o5 ns
i PSEN Low io Valid instruction In 145 | im0 ns
t,.m Input Instruction Hold Aftes PSEN o o na
b Input Instruction Float After PSEN s iP5 ne
A PSEN to Address Valid 75 a8 s
Limy Aetdress to Vald Instniction In . g beJ Stey o B0 1] |
i PSEN Low to Address Float 10 0 ns
Yoiii AD Puise Width | a0 Bl 100 | | ns
bovivs WH Pulss Width 400 iy - 100 ns
Y FID Low Io Vaiid Data In ' 252 | Stou-90 ns
 — | Data Hold Aner AT o ] | [ ne
T Data Float ARar D B 97 2t -28 ns
fiiisi ALE Low 1o Valid Data In | s Ble o150 ne
b Address o Valid Data In s | oo 185 s
i ALE Low to FID or WA Low | 200 200 %50— Aty 0 450 s
Pt Address io D or WA Low | 2m Ha 75 ns
= Data Valid to WA Transition 1 = ety -30 g
| Diata Valid to WH High 433 - Mo o130 na
A Data Hold Aler WR _ 33 ' boyq 25 ns |
bt D Low to Address Floal 0 | - 0 ns
| D or WA High to ALE High 8 |12 | e | tgeens s

20 ATE9552 e ——————
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29. External Program Memory Read Cycle

“_"II,H_..L_"
.
Loy | s

e
PSEN -~
lpz ax b
POAT 0 S—  AD-AT
. Lyew
PORT 2 = % Ad - A5 " AB- Al5

30. External Data Memory Read Cycle

tr
ALE b
= bypan
PSEN
_,,/ R lu.m _.T \'\_/
FEE Py p—
b v —,
H_D T, | gy ——s \\—_/l(
i !
PR P ; | RLDW FHLIT
LAz "— - -
PORT o :}-(m-nmwmmm}(}()'— DATA N W AD - A7 FOOMW POL —¢ INETA IN
e faam -
. Lavrw #
FORT 2 x P24 - FAT DA AS - A15 FROM DFH X AR - A1E FROCWM PCH

ATMEL a
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31. External Data Memory Write Cycle

b fl.l'l..l._.‘
— b

PSEN 7
— Ty ——ebe by —'{

WR e Eiaee b X A
LT tum._.,— — — el -h—!“m
'I‘—'unm—*
PORT O M-A?FMAFHOHDP’L’{ DATA OUT B WAD - A7 FROM POLI—<INGTH N

- by ———

PORT 2 P20 - P27 OR AR - AIS FEOM DPH p- AH - A1S FROM PCH

32. External Clock Drive Waveforms

torey
Voo - D5V *— Lo
02 V- 0,
D.ASY —7/ L
b Ly
33. External Clock Drive
Symbol Parameter ] Min Max Units
WMere Oscifalor memcy ! o aa Mz
o Ciock Parod 30 ns
toyicx High Tirme l : 12 <. ns
o Low Time ) A o ng
LGI.E!-I_ = Rize Thme L s
forci Fall Time f 5 e

32 ATBSS55? messssesn e
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34. Serial Port Timing: Shift Register Mode Test Conditions
The values In this table are valid lor Ve = 4.0V 1o 5.5 and Load Gapacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbaol Parameter Min Max Min Max Unita
berag Serial Port Clock Cycle Tame 1.0 12505 ps
Vi Output Data Setup to Clock Rising Edge 700 101G o123 ns
b Quiput Dala Hold After Clock Rising Edge 50 2ty 80 ns
Mg Input Data Hol After Clock Rising Edge 0 0 ns
wow | Clock Aising Edge to input Dala Valid 700 _ WVige133 | s

35. Shift Register Mode Timing Waveforms

IMST‘FIIJGMH]G|1|213|4|5!E|?|E]

ALFE
%m
e P d 4 LI F i\

[TE 7O SBUF, N_ 0 X 2 X 3 X 4 ¥ 5 X 8 7
¥ !
OUTPUT DATA - n—'ii"" e bamx SETTI
| CLEARHI | e D e O e e e 6K
r Y
INPLIT DATA SETRI

36. AC Testing Input/Output Waveforms!"

Yoo - D5V

45%

Mote. 1. AC npuls during testing are driven at V. - 0.5
for a dogie 1 and 0.45V for a logic 0. Timing measurements are made ol Yy, min. for a logic 1 and V, meax. for a logic 0.

37. Float Waveforms!"

Note: 1. For fiming purposes, a port pin is no lenger ficating when a 100 mV change from load voltage occurs. A port pin begins to
fioat when a 100 mV change from the leaded Vo, Ny level occurs.

AIMEL 53
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38. Ordering Information

38.1 Standard Package

Speed Power
(MHz) Supply Ordering Codea Package Oparation Range
ATBOSE2-24A0 444
ATBOSER-24.1C a4 Commercial
ATRUSED-24PC 40P6 (0 o 7rC)
24 TP rr— ATROSEDR-DASC . 42056
ATBISED-244A| 4448
ATEO552-2401 444 Inchirstrial
ATRASED.24P) 40FG6 (407G o B5°C)
ATBOEE2.245) 42P56
ATB9S52-3300 444,
a3 4.5Y to 5.5V ATBOSEE-3340 44,4 Commercial
ATBESE2-33PC 40PE {075 0o TOAC)
ATBOS52-3350 42P56

38.2 Green Package Option (Pb/Halide-free)

Speed Powar |
{MHz} Supply Crdering Code Package Operation Range
ATROSS2-24AU 44A —
24 40V 1o 5.5 ATROS52-24U 44J o *cmm a:'.ﬂ s
ATB9552-24PU 40P6 { }
Package Type
44a 44-ead, Thin Plastc Gull Wing Quad Flalpack (TOFF)
443 44-lead, Plastic JHeaded Chip Carrier (PLOG)
40PS 40-pin, 0.500" Wide, Plastic Dual Inline Package [PDIP)
42P56 42-pin, 0.600" Wide, Plastic Dual Infine Package (PDIP)

34 ATBISE5? o e ———— e
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39. Packaging Information
39.1 #4A-TQFP

Tnan

'11[{]’1’ ||'|L'|? |1
P1N1.—_ J L?( ''''

FIM 1 IDENTIFIER

| s
N~ =l
* cTr‘“‘u L
== =
|5 =
= = |
= F
S =4, _1_'_ !
I { COMTITmT ﬂ|[|'|_ 4l 1
Wl L et
- — b — -
. L1
_I_':ﬂ-{ S L e L T R T i L
L
¥ Al- A2 LA
I-:' —d—L
COMMON DIMENSIONS
(Ui of Meraure = mm)
SYMEOL| MIN HOM MAN | NOTE
A - - 120
A 0.05 - 015
A2 0.96 .00 1.05
D 11.75 12.00 12.25
o 980 10.00 1210 | Nole 2
E 11.75 12.00 1
Motes: 1. This package conforms o JEDEC eference MS-028, Variation ACH. o
2. Dimensions D1 and E1 da not indude mald protrusion. Allowabie E1 D50 | 1000 | 10.10 | Nofed
profreskon is 0,25 mm per side. Dimensions 01 and E1 s maximem B 030 = .45
plasic body size dmensions Including mold mismaich,
3. Lead coplanarity is 0. 10 mm maimm. e .09 i 0.20
L .45 el 075
e 0.80 TYF
1075200
TITLE DRAWING MO,
2325 Orchard Parkow "
i msmmw 444, 44-lead, 10 x 10 mm Body Siza, 1.0 mm Body Thickness, 44 .
. 0.8 mm Lead Pitch, Thin Profile Plaslic Ousd Flat Packaga (TQFP)

AIMEL s
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39.2 44J-PLCC

-

>

T 4NC4EY X 45

1 TA{CRIMG) K 457

e D3T8G012

00126}
19100075}

36

{510, 0200 MAX
AST hEAX {270
1 COMMON DIMENSIONS
i; {mi of Measurs = mm)
j svuoL| wm | now | max [ wove]
A 4.1 . 4 572
Al 2288 - 048
AR D508 = =
fa] 17.359 =% 17.653
o 16510 - 16.662 | MNote 2
E 17399 - 17.653
Hotes: 1, This packame condomns o0 JEDEG elamnce M5-078, Varahon A,
2 Dimansions D1 and E1 do not inclids mold protrismhon, E1 | 16510 — | 16662 | Notad
Allowable profrusion 5 01070254 mm) per sioe. Cimension D1 | D2E2 | 14986 s 16.002
anad E1 include mokd mismatch and ans moasued at the extrems | B 0.660 s
wstarial condition Bt ihe upper or kower pariing fine aierl i3 813
2 Lead coplanarity is 0.004° {0102 mm) mandmum. B1 O M = 0.533
B TZMTYP
100404
bt TITLE DAAWING NO. |REV.
2325 Orchard Parkway 1 Chi s
San Jose, CA 85131 444, d4-lead, Plastic Jleaded Chip Camier (PLEC) 44 B

ATE9S52 e ————————————
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39.3 40P6 - PDIP

=]

COMMON DYMEMNSIONS
& f°- 18* REE (Ll off Measune = mm)
— #
SYMBOL| AN

wom | max | notE
'_.._\ =S _..._] A - - 4876
Al 381 - -
D |seovo | - | 52678 | Mote2
E |20 | - |isars
El |1342 | - | 13970 | Moz
B 356 - L.558
Motes: 1. This package conforms lo JEDEC reference MS-011, Variation AG, B1 | 104 - ] 1651
2. Dimensions Dand E1 do not Induxde mold Flash o Protsion, L aods | - | ases
Mold Flash or Profrusion shall not eceed 0,25 pom (00107, o 0.000 = 0.381
a8 | 15484 | - | 17508
e 2510 TYP
o250
TITLE DRAWING NO. |REV. |
gﬂa Jg;gi:ng: F;;':‘;W -rtgir;lg, ;ﬂ-bﬂad t?mﬂc;g‘;ns.ea mim Wide) Plastic Dual 0P8 B
AIMEL x
et CRO-WIs f= el Bl g
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39.4 42PS6 - PDIP

B [ | T —

PIMN
1
61 LI 111

.: ( E1l
N R G S o Y I Y I o

jﬁff ey

——

.

COMMON DIMENSIONS
‘»Li— J’&E 15° AEF {Unit of Measure = mm)
SYMBOL| MIN | MOM | max | NOTE
e — g —] A % - | 4ea
Ad .51 - -
D ﬁ.?‘? - .95 | Nole 2
E 15.24 : - 15.68
El | 1346 | = | 1387 | Nowez
B 038 - 0.55
Motes: 1. This package conforms 1o JEDEC reference MS-011, Variation AC, Y S = 1=
2. Dimensions D and E1 do not inciude moid Flash or Profssion L 308 - | 34
Mokd Fleshy or Protrusion shall pot exceed .25 mim (0,0107). S W o
eB = — | 1&ms
] 178 TYP
11/603
TITLE DRAWING REV.
gfm m 12p56; dz-ad 0.600°715.24 mm Wid) Plasti D prrr

AT89S552
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